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ABSTRACT 
 
Since the passage of Public Law 95-87, the Surface Mining Control and Reclamation Act 
(SMCRA) in 1977, reclamation success of prime farmland after coal mining has been determined 
by long-term crop yield testing.  States such as Illinois and Indiana require that reclamation 
success be based on crop production of mined-land.  This process often can continue for many 
years, especially for lands failing to meet production standards in a specified period.  Needs have 
been expressed by landowners, mine operators, and regulators for methods to expedite this 
process.  A soil property-based model could relieve this burden and ensure the most efficient 
process for returning crop production fields to the landowner.   
The objective of my work was to develop a soil-based model to replace the current crop 
yield-based system and to evaluate reclaimed land for diagnostic purposes.  Georeferenced corn 
(Zea mays L.), soybean [Glycine max (L.) Merr.], and wheat (Triticum aestivum L.) yield, cone 
penetrometer test (CPT), VIS-NIR spectrophotometer, apparent electrical conductivity (ECa), 
elevation and terrain derivatives, fertility, and other site characteristic data were collected on 
fields at the Cannelburg, Cypress Creek and Lewis Mine sites in southwestern IN, the Cedar 
Creek Mine site in western IL, and the Wildcat Hills Mine site in southern IL.  Soil-based 
productivity models were developed using regression and multivariate techniques to assign 
probabilities of meeting target yield standards at the partial-field level.  My research indicates 
that soil strength and water availability primarily influence a field’s ability (bonding area) to 
meet target yield standards over time.  Model validation between fields and among sites has been 
encouraging, thus I propose modeling soil variability as a diagnostic tool to identify problematic 
field areas and to complement crop yield-based requirements. 
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CHAPTER I 
 
LITERATURE REVIEW OF COAL-MINING AND SOIL-SENSING 
TECHNOLOGY 
 
INTRODUCTION AND REGULATION 
 
Coal is an important energy resource in Illinois and Indiana with 31 and 32 
million Mg produced in 2009 and 2010, respectively (United States Energy Information 
Administration, 2011).  The coal seams are primarily contained in central to southern 
Illinois, and southwestern Indiana (United States Energy Information Administration, 
2011).  Estimated recoverable coal reserves in Illinois (34 billion Mg) account for one-
eighth of the United States total coal reserves compared to 4 billion Mg in Indiana 
(United States Energy Information Administration, 2011).  Most of the coal in these 
states (95% in Illinois and 92% in Indiana) is purchased by the electric utility industry 
and used to generate electricity and heat (United States Energy Information 
Administration, 2011).  In Illinois, most of the coal produced (85%) comes from 14 
underground mines compared to eight surface mines.  Alternatively, in Indiana, most of 
the coal produced (60%) comes from 21 surface mines compared to eight underground 
mines (Illinois State Geological Survey, 2011; Indiana Department of Natural Resources, 
2011; United States Energy Information Administration, 2011).  Surface mined seams are 
typically shallow in depth (8 to 46 m) and narrow in thickness (1 to 2 m).  In contrast, 
underground coal mining is typically deeper (122 m) and can go over 304 m deep   
During the 1930’s and 40’s, demand for coal in the United States increased due to 
industrialization, however laws regulating the mining industry were minimal and 
confined to state enforcement.  The Surface Mining Control and Reclamation Act 
(SMCRA) of 1977 (Public Law 95-87) became the first federal law regulating mining 
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activities in the United States (Office of Surface Mining Reclamation and Enforcement, 
2010).  The purpose of this law was to enforce federal regulation on active mine lands 
and in addition to reclaim abandoned mine lands.  Under SMCRA, active coal mines are 
regulated by a performance system that requires permitting, bonding, inspection and 
monitoring, land reclamation, and bond release.  The Office of Surface Mining 
Reclamation and Enforcement (OSM) was developed out of this legislation to enforce 
regulations, fund regulatory and reclamation efforts, and to oversee state regulatory 
programs (Office of Surface Mining Reclamation and Enforcement, 2010).  Currently, 
most states including Illinois and Indiana have developed their own programs for coal 
mine regulation and reclamation while OSM is charged with overseeing these programs.  
Since the passage of Public Law 95-87, coal-mined land reclamation has been 
evaluated primarily by crop yield testing.  Many states require that reclamation success 
be based on crop production of mined land compared to an approved reference area or 
other guidelines.  Crop yield must meet or exceed that of the undisturbed land for a 
minimum of three years of a ten-year period with 90% statistical confidence.  Illinois 
Public Act 81-1015 of 1979 (The Surface Coal Mining Land Conservation and 
Reclamation Act) allowed Illinois to develop, submit for approval, receive conditional 
approval of a Permanent Regulatory Program and receive primacy for regulation of the 
coal mining industry.  In 1986, the Illinois Department of Agriculture (IDOA) developed 
the Agricultural Lands Productivity Formula (ALPF) that compares crop yield capability 
of mined soils to their respective county soils.  The ALPF integrates weather, 
management, and soil type effects into a single equation used to develop a target yield 
standard to compare crop yield of reclaimed lands.  Because the ALPF integrates both 
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weather and management practices during a given year, it may be more accurate as a 
target yield standard than alternatives such as published crop yield equivalents or 
published on-farm crop yields.  Similarly, Indiana law (312 IAC 25-6-59 through 25-6-62 
for non-prime farmland and 312 IAC 25-6-143 for prime farmland) requires that 
reclamation success be based on crop production from an approved reference area or 
another technical standard involving revegetation.  Often, if a mined land does not meet 
reclamation requirements in the specified period, the process of crop yield testing can 
continue for many years.  Landowners, mine operators, and regulators have expressed the 
need for a more efficient and less time-consuming method for assessing reclamation 
success. 
 
MINE SOIL PRODUCTIVITY 
 
Surface mining operations often result in a post-mined soil structure that is 
attributable to mine reclamation methods rather than natural soil forming factors 
(McSweeney and Jansen, 1984).  Crop productivity on these soils has been poor 
(Henning and Colvin, 1977) and shown to be highly dependent upon weather patterns 
(Neilsen and Miller, 1980; Jansen et al., 1985).  Previous research has shown that newly 
developed mine soils have poor physical structure (Indorante et al., 1981; McSweeney et 
al., 1987; Dunker et al., 1993) which can restrict crop root development (Fehrenbacher et 
al., 1982; Meyer, 1983; Thompson et al., 1987).  Poor physical structure of mined soils 
(compacted soils) is the most limiting crop yield factor in Illinois (Dunker et al., 1995).  
Remedial actions such as deep tillage (Hooks et al., 1987; Dunker et al., 1995) have 
proven effective in loosening compacted soils and restoring crop productivity on mined 
lands.  On a scraper-placed mine soil with high soil compaction, Dunker et al. (1995) 
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found that both corn and soybean yields were significantly increased with depth of 
tillage.  Similarly, Bledsoe et al. (1992) found tillage on mined soils in southern Illinois 
to reduce compaction and increase corn yields.  In addition to tillage, proper field 
management (fertility, crop varieties) (Dancer, 1984; Dunker et al., 1988) along with 
selection of high quality soil materials (Jansen and Dancer, 1981; Power et al., 1981; 
Dunker and Jansen, 1987; McSweeney et al., 1987) have been useful in achieving crop 
productivity near undisturbed levels.  
Previous research has advocated the use of a soil-based productivity index for 
determining reclamation success and predicting vegetation potential (Doll et al., 1984).  
Soil productivity ratings have been used for many years to assess soil quality and crop 
production.  Past approaches have utilized additive, multiplicative, or combined systems 
to integrate soil and crop yield properties into a useful index capable of distinguishing 
land value (Huddleston, 1984).  Early work on soil productivity by Neill (1979) and 
Kiniry et al. (1983) in Missouri led to the development of the soil Productivity Index (PI) 
that incorporates root growth with several soil properties; a model later modified by 
Pierce et al. (1983) and Wollenhaupt (1985).  This original model, along with variations, 
was used to predict crop performance (Neill, 1979; Gantzer and McCarty, 1987; 
Thompson et al., 1992; Yang et al., 2003) and tree performance (Gale, 1987; Gale and 
Grigal, 1988, 1990; Gale et al., 1991; Udawatta, 1994; Udawatta and Henderson, 2003). 
Barnhisel et al. (1992) used a revised PI for use in prime farmland reclamation in 
western Kentucky.  Soil parameters measured in this study included bulk density, cone 
penetrometer resistance, water-holding capacity, phosphorus (P), potassium (K), 
exchangeable aluminum (Al), particle size distribution, and pH.  Results from this study 
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were highly variable with correlations between the PI and corn yield ranging from near 0 
to 0.76 from one field or mining method to another.  Due to the site-specific nature of this 
work, further refinement or weighting of components within the PI equation would be 
necessary to rely on a formula-based system for determining bond release. 
Similarly, Thompson et al. (1992) used a revised PI for use in prime farmland 
reclamation in Columbia, MO.  Soil parameters measured in this study included potential 
available water content, bulk density, and pH.  An experiment was conducted to 
investigate relationships among the PI, depth to clay, and corn yield across years under 
irrigated and non-irrigated treatments.  Results from this study showed that corn grain 
yield increased as both the PI and depth to clay increased.  Regression functions relating 
corn yield across years with the PI explained 66% of corn yield variation.  In addition, 
supplemental irrigation increased corn yield by 24% across years and was shown to be 
beneficial in improving corn yield over non-irrigated treatments with similar depths to 
clay. 
 
SOIL-BASED MEASUREMENTS 
 
Cone penetrometers have been used to quantify many different soil variables.  
Relevant to mine reclamation, the cone index (CI) has been used to describe soil strength 
and compaction (Larney and Kladivko, 1989; Lowery and Schuler, 1991).  A deep-
profile recording cone penetrometer developed by Hooks and Jansen (1986) has been 
used as a method to quantify soil strength and compaction, and emulate impeding factors 
of root growth.  When using the cone penetrometer to assess deep tillage effects on coal-
mined land, Dunker et al. (1995) found soil strength measurements to be effective in 
describing crop yield when other plant nutritional levels were not limiting.    
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In addition to cone penetrometer data, inexpensive dense data sets such as 
apparent electrical conductivity (ECa) and elevation are often quick, dense pieces of 
information for describing soil variability.  Currently, two types of ECa sensors are 
commonly used in agriculture which include a direct contact coulter based sensor (Veris 
3100) and a non-contact electromagnetic induction sensor (EM38) (Sudduth et al., 2003).  
Apparent soil electrical conductivity has been used extensively as a proxy of various soil 
characteristics.  Soil ECa has shown to be related to several soil variables such as soil 
water content (Sudduth et al., 1995; Sheets and Hendrickx, 1995), depth to claypan 
(Kitchen et al., 1999; Sudduth et al., 2001), soil sand, silt and clay fractions (Doolittle et 
al., 2002), cation exchange capacity (CEC) (McBride et al., 1990; Sudduth et al., 2003; 
Sudduth et al., 2005), soil salinity (Williams and Baker, 1982; Rhoades, 1993), soil 
organic matter (SOM) (Doolittle et al., 1994; Johnson et al., 2001; Kravchenko et al., 
2002; Sudduth et al., 2003), and other soil variables (Geonics Limited, 1998).  
Furthermore, ECa has been linked to crop yield variability (Kitchen et al., 1999; Jaynes et 
al., 2003; Kitchen et al., 2003; Kravchenko et al., 2003; Schepers et al., 2004; Kaspar et 
al., 2004).  In addition, elevation and topographical features have been linked to crop 
yield variability (Stone et al., 1985; Simmons et al., 1989; Changere and Lal, 1997; 
McConkey et al., 1997; Timlin et al., 1998; Kravchenko and Bullock, 2000; Kaspar et al., 
2003; Kitchen et al., 2003; Kravchenko et al., 2003; Jiang and Thelen, 2004; Kaspar et 
al., 2004; Schepers et al., 2004; Kravchenko et al., 2005).   
Elevation and ECa  have frequently been used to delineate fields into management 
zones.  Fraisse et al. (2001) found elevation and ECa to be important variables for 
describing corn and soybean yield along with delineating claypan soil management 
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zones.  Similarly, Kitchen et al. (2005) found ECa and elevation data to be useful in 
creating productivity zones for claypan soils.  Additionally, yield-clustering procedures 
have been used to divide fields into management zones (MZs) (Lark and Stafford, 1997; 
Jaynes et al., 2003; Perez-Quezada et al., 2003; Jaynes et al., 2005).  For example, Jaynes 
et al. (2003) used non-hierarchical k-means cluster analysis to group six years of corn 
yield into five temporal clusters and used multiple discriminant analysis to predict yield 
clusters using ECa, elevation, slope, and plan and profile curvature. 
A need exists to expedite the bond release process for coal-mined land.  
Currently, crop yield testing is used to verify if coal-mined land has been reclaimed to 
sufficient standards of pre-mine use.  Unfortunately, this process can continue for many 
years, especially if coal-mined land does not meet bond release requirements the first few 
years.  Researchers have previously proposed that a soil-based model be used in lieu of 
the current yield based approach to predict crop yield potential of coal-mined land 
(Barnhisel et al., 1992; Thompson et al., 1992).  Such an approach would eliminate the 
need to continuously grow crops to verify if bond release requirements have been met.  In 
addition, a soil-based model would not only predict crop potential on coal-mined land, 
but also identify problematic field areas that are limiting crop yield potential.  It may take 
several years of growing crops to identify consistent field areas not meeting bond release 
guidelines, however with a soil-based approach, such early identification may save time 
and money for landowners, mine operators, and regulators. 
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CHAPTER CONTENTS 
 
My work focuses on the development of a soil-based model to be used in lieu of 
the current yield-based approach.  Specifically, my objectives are i) to identify and 
describe soil variables useful in describing crop yield variability on coal-mined land, ii) 
to develop a soil-based model for determining bond release, and iii) to evaluate the 
current crop yield-sampling approach used in the reclamation process 
Chapter II focuses on data collection and description from sampled coal mine 
sites.  Data was collected on coal-mined fields in reclamation at the Lewis Mine site 
(39°28’N, 87°24’W), Cannelburg Mine site (38°64’N, 87°03’W), and Cypress Creek 
Mine site (38°09’N, 87°29’W) in southwestern Indiana, the Wildcat Hills Mine site 
(37°75’N, 88°35’W) in southern Illinois, and the Cedar Creek Mine site (40°13’N, 
90°85’W) in western Illinois.  The Lewis Mine site consists of three sampled fields (one 
undisturbed), four sampled fields at the Cedar Creek Mine site, and one sampled field 
each at the Cannelburg, Cypress Creek, and Wildcat Hills Mine sites.  Georeferenced 
crop yield, cone penetrometer, VIS-NIR soil spectrophotometer, ECa, elevation and 
derivatives (slope, plan and profile curvature, topographic wetness index, and stream 
power index), soil fertility and weather data were collected depending on site and year.  
A descriptive analysis of each variable is conducted for each site in this chapter. 
Chapter III focuses on the development a soil-based model to predict crop yield 
potential on reclaimed mined lands in lieu of the current yield based approach.  Soil-
based variables on eight fields across five mine sites in Illinois and southwestern Indiana 
are measured to assess their ability in predicting crop yield.  This chapter details the soil 
model-building process and uses principal component analysis (PCA) to develop a new 
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(potentially smaller) set of variables that explain the variability found in the original 
variables.  Factor analysis (FA) is used as a comparison to PCA and derives new 
variables that attempt to explain underlying characteristics of the original variables.  
Variables derived using both methods are used in multiple regression to assess their 
ability in describing crop yield variation for each mine site and field combination.  
Cluster and discriminant analysis (DA) are used to assess how well variables derived 
using PCA and FA distinguish between high and low crop yield categories developed 
across years of crop yield.  Additionally, target yield standards for each mine site are 
used to categorize harvested crop yields into meeting or not meeting bond release 
standards for a given year.  Logistic regression is used to assign probabilities of meeting 
bond release standards for each year of crop production.  Generalized models, with 
validation, are constructed to assist reclamation efforts throughout the Midwest. 
Chapter IV focuses on quantifying crop yield sampling methodology of the 
Illinois regulatory system.  Currently, crop yield estimates are collected from a given 
bonding area (typically multiple fields combined) and compared to a target yield standard 
each cropping season.  Multiple hand-harvested crop yield samples are taken from a 
bonding area, and then averaged to produce one crop yield over the entire bonding area to 
compare against the target yield standard.  Despite the fact that only one sampling session 
is completed per bonding area and cropping season, multiple realizations of sample 
means exist.  Variability in sampling may exist due to the person sampling, and/or the 
inherent crop sampling technique.  Correlation, modeling and simulation are used to 
quantify mean crop yield realizations and determine the effectiveness of the current 
Illinois regulatory system at assessing reclamation success.
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CHAPTER II 
 
DATA COLLECTION AND DESCRIPTION FROM SAMPLED COAL MINE 
SITES 
 
ABSTRACT 
 
Data were collected on coal-mined fields in reclamation at the Lewis Mine site 
(39°28’N, 87°24’W), Cannelburg Mine site (38°64’N, 87°03’W), and Cypress Creek 
Mine site (38°09’N, 87°29’W) in southwestern Indiana, the Wildcat Hills Mine site 
(37°75’N, 88°35’W) in southern Illinois, and the Cedar Creek Mine site (40°13’N, 
90°85’W) in western Illinois.  The Lewis Mine site consisted of three sampled fields (one 
undisturbed), four sampled fields at the Cedar Creek Mine site, and one sampled field 
each at the Cannelburg, Cypress Creek, and Wildcat Hills Mine sites.  Georeferenced 
crop yield, cone penetrometer (CPT), VIS-NIR soil spectrophotometer, apparent soil 
electrical conductivity (ECa), elevation and derivatives [slope, plan and profile curvature, 
topographic wetness index (TWI), and stream power index (SPI)], soil fertility and 
weather data were collected depending on site and year.  Descriptive analysis of CPT 
data showed higher mean soil strength values and variation (coefficient of variation and 
skewness) associated with disturbed fields compared to an undisturbed field.  Spatial 
patterns of outliers, as detected using boxplots, for disturbed fields indicate high soil 
strength zones, where crop yield may be limited.  Crop yield variability on disturbed 
fields was primarily a function of soil strength and weather effects.  High soil strength 
effects were mitigated by favorable weather conditions which positively influenced crop 
yield.  
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INTRODUCTION 
 
Data was collected on coal-mined fields in reclamation at the Lewis Mine site 
(39°28’N, 87°24’W), Cannelburg Mine site (38°64’N, 87°03’W), and Cypress Creek 
Mine site (38°09’N, 87°29’W) in southwestern Indiana, the Wildcat Hills Mine site 
(37°75’N, 88°35’W) in southern Illinois, and the Cedar Creek Mine site (40°13’N, 
90°85’W) in western Illinois (Fig. 2.1).  The Lewis Mine is operated by Solar Sources, 
Inc. in Vigo County, IN; the Cannelburg Mine by Solar Sources, Inc. in Daviess County, 
IN; the Cypress Creek Mine by Vigo Coal Company, Inc. in Warrick County, IN; the 
Wildcat Hills Mine by Black Beauty Coal Company, Inc. in Gallatin County, IL; and the 
Cedar Creek Mine by Black Beauty Coal Company, Inc. in Schuyler County, IL.  
The Lewis Mine site consists of three sampled fields, Lewis East (18 ha), Lewis 
West (13 ha) and Lewis Undisturbed (6 ha); four sampled fields at the Cedar Creek Mine 
site, Cedar East (9 ha), Cedar West (11 ha with 3 ha later converted to pasture), Cedar 
North (12 ha) and Cedar Stockpile (3 ha); and one sampled field each at the Cannelburg 
(9 ha), Cypress Creek (13 ha), and Wildcat Hills Mine (16 ha) sites. 
Soil series information for each site, prior to and after mining, is enclosed in 
Table 2.1 (Natural Resources Conservation Service, 2011).  All sites are characterized as 
having parent material as loess before mining.  Additionally, sites with drainage 
previously classified as somewhat poorly drained, have changed to well-drained post-
mining.  
Georeferenced crop yield, cone penetrometer (CPT), VIS-NIR soil 
spectrophotometer, apparent soil electrical conductivity (ECa), elevation and derivatives 
[slope, plan and profile curvature, topographic wetness index (TWI), and stream power 
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index (SPI)], soil fertility and weather data were collected depending on site and year.  
Specific measurements, organized by mine and field, are listed in Tables 2.2 and 2.3.  
The majority of data were collected on the Cedar East and West fields and on the Lewis 
East and West fields.  Multiple sets of crop yield and CPT measurements make these 
fields ideal for assessing soil strength trends across time and their subsequent effect on 
crop yield.  Soil spectrophotometer measurements were collected in 2010 on these fields 
to investigate carbon (C) and organic matter (OM) variation by soil depth.  To be used as 
reference, crop yield and CPT measurements were collected on an undisturbed field 
(Lewis Undisturbed), close in proximity to the disturbed fields, at the Lewis Mine site. 
 
MATERIALS AND METHODS 
 
DATA ACQUISITION 
 
Georeferenced crop yield were recorded on 1-s intervals using a crop yield 
monitor (Ag Leader Technol., Inc., Ames, IA; Deere & Co., Moline, IL) equipped with a 
global positioning system (GPS) receiver.  Crop yield data were cleaned for technical 
errors such as grain flow delay, pass delay, velocity and flow issues, manual border row 
corrections, and moisture adjustment when needed using the Yield Editor program 
(Sudduth and Drummond, 2007).  After crop harvest of the first year of data collection, 
field borders of all sampled fields were mapped using a GPS Trimble unit (Trimble 
Navigation, Sunnyvale, CA) mounted on a tractor.  Cone penetrometer test data (Vertek, 
2010) were collected for all fields, using an evenly spaced grid as a reference sampling 
guide.  Several additional CPT points were collected between grid points to provide 
information about short-range distances when investigating spatial structure.  Density of 
CPT points collected ranged from 5 to 10 points ha-1depending on field and site.  The 
penetrometer used in this research is mounted on a tractor and pushes a 2.54-cm 
diameter, 60˚ cone in to the ground at a rate of 2 cm sec-1.  The penetrometer push system 
consists of a soil probe (Giddings Machine Company, Colorado Springs, CO) equipped 
with a sub-meter GPS receiver (Raven Industries Inc., Sioux Falls, SD).  The probe is 
equipped with soil volume moisture (VM), cone tip strength (TS), and sleeve strength 
(SS) measurement sensors.  One measurement, up to 1.2 m deep, was collected at each 
sampled point.  Histograms of CPT data were reviewed and sample data were cleaned for 
errors resulting from the probe hitting rocks and electronic problems. 
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Elevation data were obtained in 1-s intervals for the Lewis East and West fields in 
spring 2007, the Cedar East and West fields in summer 2007 and the Wildcat Hills field 
in fall 2007 using a 4-wheeler equipped with a Geo XH unit and a Zephyr antenna 
(Trimble Navigation, Sunnyvale, CA).  Approximately 1800, 3100, 2400, 1400, 4000 
elevation measurements were taken across the Cedar East, Cedar West, Lewis East, 
Lewis West, and Wildcat Hills fields, respectively, with an average distance between 
swaths of 15 to 30 m depending on diversity of topography (Kravchenko et al., 2002).  
ArcView Spatial Analyst (Environmental Systems Research Institute, 2002) was used to 
construct a digital elevation model (DEM) from the elevation data and to derive primary 
and secondary topographical features (Ruffo et al., 2006).   
Apparent soil electrical conductivity data were collected at the same time and 
density as elevation measurements using an EM-38 electromagnetic induction EC meter 
(Geonics, Mississauga, ON, Canada) on a polyvinyl chloride (PVC) pipe sled pulled 
behind a 4-wheeler.  The EM-38 was used in the vertical dipole position which is 
effective at soil depths of near 1.5 m (McNeill, 1992; Sudduth et al., 2003).  Before data 
collection, the EM-38 was calibrated to specified levels as noted in the EM-38 instruction 
manual (Geonics Limited, 1998). 
Soil cores were collected at a depth of 0-15 and 15-30 cm for the Lewis East (88 
and 30 points), Lewis West (62 and 22 points) and Lewis Undisturbed (50 and 25 points) 
fields in spring 2008.  Sampling locations were determined using an evenly-spaced grid 
coinciding with CPT points collected in 2007.  Soil cores at the 0-15 cm depth were 
extracted using a corkscrew soil auger mounted on the side of a 4-wheeler.  Soil cores at 
the 15-30 cm depth were extracted using a hand-held 2.22-cm soil corer in the same hole 
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of the 0-15 cm soil core.  Segmented cores were air dried and sent for analysis of macro 
and micronutrients by Soil Testing Plus, Inc., Toulon, IL. 
Soil spectrophotometer data were collected for the Lewis East, Lewis West, Cedar 
East and Cedar West fields in spring and summer 2010 using a VIS-NIR Soil 
Spectrophotometer probe (Veris Technologies, Salina, KS, USA).  The probe (2.54-cm) 
acquires visible and near-infrared absorbance, penetration resistance (Force), and 
electrical conductivity (EC) measurements for soil depths up to 115 cm.  Absorbance 
measurements, by field, were used to develop calibration equations with soil nutrient data 
(C, OM).  Initially, absorbance measurements were acquired at every sampled field 
location in order to evaluate spectral diversity for each field.  Next, absorbance 
measurements were divided into 15 cm depth segments and used in principal component 
and cluster analyses in order to identify clusters of similar spectral properties.  Random 
points (by location and depth segment) were selected from each cluster and these points 
were used to obtain physical soil cores.  Fifteen soil cores were collected per field using a 
3.81-cm diameter coring tube mounted on a tractor.  Cores were segmented up in 15-cm 
depth segments (0-15, 15-30, 30-46, 46-61, 61-91 cm) corresponding to the depth of 
spectral segmentation.  Segmented cores were air dried and sent for analysis of C and 
OM by Soil Testing Plus, Inc., Toulon, IL.  Carbon and OM data were then used to 
develop partial least squares equations relating soil core values to absorbance 
measurements.  Equations were then used to map C and OM by field and soil depth.  
Force, EC, C, and OM estimates were divided into the same soil depth segments as CPT 
data for analysis. 
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Weather data were obtained for all sites over the years (2005 – 2010) of which 
they were sampled.  Monthly temperature and precipitation data were obtained from the 
nearest weather station to the research sites.  In Illinois, data were obtained through the 
Illinois State Water Survey.  In Indiana, data were obtained through the Indiana State 
Climate Office. 
 
DATA PROCESSING 
 
Georeferenced CPT field locations were imported into ArcView 3.x 
(Environmental Systems Research Institute, 2002) to match latitude and longitude 
coordinates with each CPT data file.  Coordinates with missing CPT data were removed 
from the analysis.  Georeferenced field locations along with CPT data from each year and 
field combination were imported into SAS (SAS, 2010) to create permanent data sets.  In 
total, sixteen such combinations were imported with multiple sets from Cedar East, Cedar 
West, Lewis East and Lewis West fields.  Each dataset was then broken up into several 
soil depths (0-23, 23-46, 46-69, 69-91, and 91-114 cm) corresponding to depth of 
penetration.  The 0-23 cm soil depth segment was excluded from this analysis as it is 
easily influenced by primary tillage.  Penetrometer variable distributions were examined 
for departures from normality and it was concluded that the mean of each penetrometer 
variable for each soil depth segment was sufficient as an estimate for each distribution.  
Resulting penetrometer data sets consisted of 12 predictor variables and a differing 
number of observations depending on year and field. 
In order to facilitate analysis, 5 and 10 m buffers were created around each CPT 
location for each year and field combination using ArcView 3.x (Environmental Systems 
Research Institute, 2002).  Buffers were used to select corresponding portions of 
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elevation, ECa and crop yield around each CPT point.  Buffer size was chosen to provide 
information about small and larger scale variation.  The number, mean and variance of 
points contained within each buffer were exported using the EFRA extension and 
appended to each CPT data set combination in SAS (SAS, 2010).  Penetrometer points 
with high corresponding variance of elevation, ECa or crop yield points were marked as 
potential outlying values (near field edge or depression). 
Estimates of primary topographical features such as slope, plan and profile 
curvature were made using the DEMAT-extension (downloaded from the ESRI website 
at http://arcscripts.esri.com) for ArcView 3.x (Environmental Systems Research Institute, 
2002).  Slope (°) was calculated using the Zenvenbergen and Thorne method because 
field DEM’s exhibited a relatively smooth surface (Burrough and McDonnell, 1998).  
Slope is calculated as the maximum rate of change in elevation from a cell to its 
neighboring cells and has been shown to be related to corn and soybean yield 
(Kravchenko and Bullock, 2000; Kaspar et al. 2004).  Profile curvature is the curvature in 
the direction of the slope and affects flow acceleration, thus influencing soil erosion and 
deposition (Hall and Olson, 1991; Moore et al., 1991).  Plan curvature is the curvature 
perpendicular to the direction of the slope, and determines flow convergence and 
divergence (Moore et al., 1991).  Both curvature units are expressed as 1/100 x z units, 
thus are in km-1.   
Estimates of secondary topographical features such as TWI (Beven and Kirkby, 
1979) and SPI (Moore et al., 1991) were made using the TOPOCROP-extension 
(downloaded from the ESRI website at http://arcscripts.esri.com) using ArcView 3.x 
(Schmidt and Persson, 2003).  The TWI has shown to be related to soil water content 
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(Chamran et al., 2002) and OM (Moore et al., 1993) while SPI has shown to be related to 
soil erosion and gully formation (Moore et al., 1988).  A smoothing parameter of 1 was 
used to display all ridges when calculating TWI and mean filtered values were used for 
both TWI and SPI.  
Digital elevation model cell sizes for deriving topographical variables were 
chosen to avoid unrealistic small cells in relation to collected elevation points.  Cleaned 
elevation values were interpolated into cell-based maps for each field using IDW with a 
power of 2.  Slope, plan and profile curvature, TWI and SPI variables were selected from 
cell-based maps using 10 m buffers around each CPT point from each year and field 
combination.  The EFRA extension in ArcView 3.x (Environmental Systems Research 
Institute, 2002) was used to select the mean of the cells surrounding each CPT point for 
each given variable of interest.  Topographical estimates were added to each CPT, crop 
yield, elevation, and ECa data set. 
A depth to compaction soil layer variable was created using TS as a function of 
soil depth in each CPT log file.  A cutoff value of 3.1 MPa was used to determine the 
presence of a high soil strength layer for each penetrometer reading (Dunker et al., 1995).  
Starting at the soil surface and moving downward in the soil, once a TS value of 3.1 MPa 
was reached, the soil depth that corresponds to this value was recorded.  This procedure 
was conducted for all year and field combinations using SAS (SAS, 2010) and the 
resulting variable (depth to compaction) was added to corresponding data sets. 
Soil fertility data for the 0-15 and 15-30 cm depths were appended to the Lewis 
East, Lewis West and Lewis Undisturbed data sets for 2007.  Specifically, values of pH, 
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), zinc (Zn), 
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manganese (Mn), boron (B), iron (Fe), copper (Cu), sodium (Na), CEC and OM were 
appended to each data set. 
Weather data for each site and year combination were pooled into four categories 
such as spring, summer, fall, and winter temperature and precipitation.  These values 
were added to each corresponding data set. 
Force, EC, C and OM estimates obtained using the soil spectrophotometer were 
brought into ArcView 3.x (Environmental Systems Research Institute, 2002) for each soil 
depth segment and field combination.  Because these estimates were obtained using 
different sampling grids than respective CPT sampling grids for each field, estimates 
were interpolated into cell-based maps for each soil depth segment and field combination 
using IDW with a power of 2.  Estimates, by soil depth segment, were selected from cell-
based maps using 10 m buffers around each CPT point from each year and field 
combination.  Force, EC, C and OM estimates were added to respective data sets. 
In total, 16 data sets were developed in SAS (SAS, 2010) as the combination of 
year x field with differing numbers of observations and type of variables collected.  Data 
set combinations were combined by year, site and field in order to account for these 
sources of variability in future models. 
 
RESULTS AND DISCUSSION 
 
WEATHER 
 
 Mean monthly precipitation and temperature from 2005 to 2010 varied among 
sites compared to 30-year average values (Tables 2.4-2.8).  Of particular interest, mean 
monthly temperature and precipitation varied across CPT sampling times.  At the Cypress 
Creek Mine site, only one set of CPT measurements was taken in Oct. 2005 (Table 2.3).  
Precipitation during this time period was characterized as dry compared to the 30-year 
average (13 compared to 90 mm).  Temperature, however, was consistent with the        
30-year average (Table 2.4). 
At the Cannelburg Mine site, only one set of CPT measurements was acquired in 
Oct. 2005 (Table 2.3).  Precipitation during this time was characterized as dry compared 
to the 30-year average (21 compared to 93 mm).  Temperature was consistent with the 
30-year average (Table 2.5).  In addition to CPT measurements, corn (Zea mays L.) and 
soybean [Glycine max (L.) Merr.] yield data were acquired in 2005 and 2006, 
respectively (Table 2.3).  Precipitation was below average for most of the growing season 
in 2005, however was above average in July and August.  This is in contrast to the 
growing season in 2006 in which precipitation was mostly above average except for July 
and August.  Temperature was consistent between growing seasons, however warmer in 
Sept. 2005 than 2006 and cooler in March 2005 than 2006. 
At the Wildcat Hills Mine site, only one set of CPT measurements was acquired 
in Oct. 2005 (Table 2.3).  Precipitation during this time was characterized as dry 
compared to the 30-year average (12 compared to 95 mm).  Temperature was consistent 
with the 30-year average, however slightly warmer (23°C compared to 20°C for normal) 
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in September (Table 2.6).  In addition to CPT measurements, wheat (Triticum aestivum 
L.) yield data were acquired in 2006 (Table 2.3).  Precipitation varied throughout most of 
the growing season with above average rainfall in March, July, September and October.  
Temperature was consistent with the 30-year average, however slightly warmer (17°C 
compared to 14°C for normal) in April (Table 2.6). 
At the Cedar Creek Mine site, multiple CPT measurements were acquired for the 
Cedar field (Apr. 06, Sept. 08, July 11), the Cedar West field (Oct. 06, Sept. 08), and one 
measurement in July 07 for both the Cedar North and Stockpile fields (Table 2.2).  
Precipitation during CPT sampling for the Cedar field was characterized as lower      
(Apr. 06), higher (Sept. 08) and lower (July 11) than the 30-year average (Table 2.7).  
While precipitation was lower than average in July 11, 300 mm of precipitation was 
recorded in June, approximately 184 mm higher than the 30-year average (data not 
shown).  Thus, the lower precipitation distinction for this sampling time may be 
misleading.  Temperature during CPT sampling for the Cedar field was characterized as 
higher (Apr. 06), the same (Sept. 08) and higher (July 11) than the 30-year average.  
Precipitation during CPT sampling for the Cedar West field was characterized as lower 
(Oct. 06), and higher (Sept. 08) than the 30-year average.  Temperature during CPT 
sampling for the Cedar West field was slightly lower than average for both sampling 
times.  Precipitation during CPT sampling for the Cedar North and Stockpile fields was 
characterized as lower (July 07) than the 30-year average.  Temperature during CPT 
sampling for these fields was slightly lower than the 30-year average.  In addition to CPT 
measurements, corn (Cedar and Cedar West 06), soybean (Cedar and Cedar West 07) and 
wheat (Cedar North and Stockpile 07, Cedar and Cedar West 08) yield data were 
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acquired (Table 2.2).  Precipitation was below average for the entire growing seasons of 
2006 and 2007, except for June 2007, which was above average.  Precipitation for the 
growing season of 2008 was well above average for June through September.  
Temperature was consistent among the 2006, 2007 and 2008 growing seasons with the 
30-year average, however Apr. 06, May 07 and Aug. 07 were warmer than average. 
At the Lewis Mine site, multiple CPT measurements were acquired for the Lewis 
East field (Oct. 05, June 06, Sept. 07), the Lewis West field (June 06, Sept. 07), and the 
Lewis Undisturbed field (Oct. 05).  Precipitation during CPT sampling for these fields 
was characterized as lower than the 30-year average for all sampling times (Table 2.8).  
Temperature during CPT sampling for these fields was characterized as higher (Oct. 05), 
the same (June 06) and higher (Sept. 07) than the 30-year average.  In addition to CPT 
measurements, soybean (2005, 2007 and 2009), and corn (2006 and 2008) yield data 
were acquired for the Lewis East, West and Undisturbed fields (Table 2.2).  Precipitation 
was above the 30-year average for all growing seasons, except for 2007, which was lower 
than the 30-year average.  Specifically, precipitation was higher than the 30-year average 
for June, July, August and September in 2005; March, April, August, September and 
October 2006; March, May, June, July and September 2008; and April, May, June, July 
and October 2009.  Temperature was consistent among the 2005, 2006, 2008 and 2009 
growing seasons with the 30-year average, however the growing season in 2007 was 
warmer than average in May, August and October. 
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DESCRIPTIVE STATISTICS 
 
SOIL PENETROMETER 
 
 Cone penetrometer test data were divided into sequential soil depth segments  
(23-46, 46-69, 69-91, and 91-114 cm) corresponding to depth of penetration.  In total, 
sixteen such data sets were acquired corresponding to each year x field sampling 
combination.  While the mean was used as an estimate for each soil depth segment, 
variability exists in this estimation.  Data for each soil depth segment were pooled for 
each year x field CPT sampling combination.  Tables 2.9 and 2.10 show descriptive 
statistics, by soil depth segment, for TS, SS and VM for fields with only one CPT set 
collected on them (excluding Lewis Undisturbed).  Tables 2.11-2.15 show the same 
descriptive statistics for the Cedar West and Cedar East fields, Lewis West and East 
fields, and the Lewis Undisturbed field, respectively.  Tip strength and SS increased with 
soil depth for all year and field combinations except Cedar East 2011 and all fields on the 
Lewis Mine site in which TS and SS decreased with soil depth (Tables 2.9-2.15).  
Differences may be explained by variability in soil reconstruction materials, soil 
placement and timing of CPT sampling.  When comparing mean TS values on the Lewis 
Mine site between disturbed (Lewis East and West) and undisturbed soils (Lewis 
Undisturbed), results by soil depth varied.  Out of the five CPT sets for Lewis East and 
West combined, mean TS values were higher 2, 4, 3, and 2 times compared to Lewis 
Undisturbed for the 23 to 46, 46 to 69, 69 to 91 and 91 to 114 cm soil depth segments, 
respectively.  Combined, higher values only occurred 55% of the time.  This suggests that 
while mean TS values were affected by soil moisture, given similar moisture profiles, 
mean TS values alone were not indicative of high soil strength beyond that of an 
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undisturbed field.  Tip strength values for other mine site and year combinations varied, 
however were generally higher compared to the Lewis Undisturbed field.  Mean TS 
values were similar to those reported by Dunker et al. 1995, however often in the 
reported high soil strength range (2.5 – 3.5 MPa).  While similar, the higher proportion of 
mean TS values classified in the high soil strength range may be due to differences 
between soil penetrometers (cone angle).  Thus, values are not directly comparable. 
Of particular interest, the coefficient of variation (CV) for both TS and SS tended 
to be higher for disturbed soils compared to the Lewis Undisturbed reference field across 
soil depth segments.  The CV is a measure of variability in relation to a mean (Ott and 
Longnecker, 2010).  For example, the CV was lower for TS and SS for the Lewis 
Undisturbed field compared to the Lewis East and West fields across all soil depth 
segments and years of sampling (Tables 2.13-2.15).  The average CV for TS across soil 
depth segments and years of sampling for the Lewis East and West fields was 57.  In 
contrast, the CV for TS across soil depth segments for the Lewis Undisturbed field was 
32.  The disparity in variability among disturbed fields on the Lewis Mine site compared 
to the Lewis Undisturbed field may be explained by variability caused during soil 
reconstruction after coal mining.  Additionally, higher CV values for disturbed soils may 
indicate the presence of field locations with high soil strength compared to an 
undisturbed soil.  In addition to an increase in CV, skewness was also higher for 
disturbed fields over the Lewis Undisturbed field.  Skewness is a measure of the 
directional movement of a distribution from symmetry (Ott and Longnecker, 2010).  The 
average skewness for TS across soil depth segments and years of sampling for the Lewis 
East and West fields was 1.87, indicating a distribution which is skewed to the right.  In 
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comparison, the skewness for TS across soil depth segments for the Lewis Undisturbed 
field was 0.86, indicating a distribution which is mildly skewed to the right.  The 
difference in skewness values indicates a greater number of high TS values for the 
disturbed fields compared to the undisturbed field. 
While no direct comparison to undisturbed fields exist for mine sites other than 
the Lewis Mine site, CV and skewness values for TS were comparable to the Lewis East 
and West fields (Tables 2.9-2.12).  It is interesting to note that the increase in variability 
of TS values for disturbed fields on the Lewis Mine site over Lewis Undisturbed is also 
consistent for SS values.  The average CV for SS across soil depth segments and years of 
sampling for the Lewis East and West fields was 58 compared to 33 for the Lewis 
Undisturbed field.  The average skewness for SS across soil depth segments and years of 
sampling for the Lewis East and West fields was 1.10 compared to 0.39 for the Lewis 
Undisturbed field. 
Volumetric moisture content was similar among collected data sets and tended to 
increase with soil depth (Tables 2.9-2.15).  Skewness values of VM, including all 
disturbed soils and Lewis Undisturbed, were mostly negative indicating that distributions 
of VM by soil depth segment were skewed to the left.  Cone penetrometer test data 
sampling times were specifically chosen to avoid sampling in overly dry soil and close in 
proximity to a precipitation event.  A skewed distribution to the left for VM may indicate 
sampling in relatively consistent moisture conditions, however also sampling in dryer 
field areas.  Unfortunately, VM data were not collected for all field and year sampling 
combinations.  Due to electronic problems with the VM sensor, VM data were not 
collected for Cedar East or West in 2008.  Values consistently read 2293.91, which 
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indicated a problem with the sensor (Tables 2.11 and 2.12).  In addition, TS values were 
much lower than expected from previous sampling times, even though variability of such 
values were similar.  Tip strength values, while lower than expected, were still included 
in modeling since information did not appear lost, just scaled back.  Volumetric moisture 
content data were higher than expected for the following field and year combinations:  
Cedar Stockpile 2007, Cedar North 2007, Cedar East 2011, Lewis West 2007 and Lewis 
East 2007 (Tables 2.10, 2.12, 2.13, and 2.14).  Unlike electronic problems experienced on 
Cedar East and West in 2008, higher VM values were attributed to a difference in probe 
VM calibration (use of sand).  The VM sensor functioned correctly despite this 
recalibration and it was determined that readings were approximately 1.7 times higher 
than normal.  Data were carried forward in modeling, however VM values were adjusted 
back to original calibration levels. 
Correlation analysis of the 16 CPT data sets indicated that significant (P < 0.01) 
correlations existed among TS, SS and VM variables (Tables 2.16-2.31).  Unfortunately, 
VM data from Cedar East and West 2008 were not included in this analysis.  Using 
correlations moderate in strength and higher (r > 0.50), number of correlations per field 
and year combination ranged from 9 to 34 correlations.  The average number of 
correlations was 18 correlations across all field and year combinations.  Correlations 
were mostly positive and moderate in strength (0.5 to 0.7), except for correlations 
between TS or SS and VM.  Correlations were also predominant among sequential soil 
depths, more so than correlations between non-adjoining soil depth segments. 
Correlation analysis of the CPT data sets also revealed a difference between 
disturbed and undisturbed soils.  Across 15 CPT data sets for disturbed soils, the average 
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number of correlations was 17 correlations.  In contrast, 34 correlations were detected for 
the Lewis Undisturbed field, double that of the disturbed fields and may reflect increased 
soil variability due to soil reconstruction.  This increased variability would make CPT 
readings among soil depth segments less alike as compared to an undisturbed field in 
which relationships developed by natural soil forming processes were left intact. 
Graphical representations of CPT data summarized in Tables 2.9-2.15 are found 
in Figures 2.2-2.177.  For each field and year combination of CPT sampling, three 
boxplot graphics (one for TS, SS and VM) were developed to show data variation by soil 
depth segment.  Individual boxplots, developed by soil depth segment, show the mean, 
median, lower and upper inner fence locations, interquartile range (IQR), and outlying 
values.  The displayed graphics do not distinguish between mild and extreme outliers and 
groups both together. 
Additional graphics were developed for each field and year combination of CPT 
sampling using outliers as determined by the boxplot graphics.  Outliers for TS and SS 
for each soil depth segment were matched with corresponding GPS locations and 
mapped.  In total, eight maps were created from TS and SS outliers (4 for each) per field 
and year combination.  Spatial locations of outliers represent field locations which have 
higher soil strength values, thus related to compaction caused during reclamation.  While 
mapped locations do provide evidence for field areas with higher soil strength, they do 
not in themselves indicate compaction.  Outliers were mapped for each field and year of 
CPT sampling combination and were not scaled to indicate a particular compaction level. 
For the Cypress Creek Mine site, mean TS increased from 2.44 to 2.67 MPa while 
variance decreased from 2.12 to 1.21 going from a soil depth segment of 23 to 46 cm to 
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91 to 114 cm (Table 2.9; Fig. 2.2).  Mean SS increased from 0.05 to 0.10 MPa and 
variance remained consistent over the same soil depth segment interval (Fig. 2.3).  
Volumetric moisture increased from 20.57 to 26.48% going from a soil depth segment of 
23 to 46 cm to 91 to 114 cm with decreasing variance (Fig. 2.4).  Analysis of boxplots for 
both TS and SS showed increased mean levels and the presence of outliers (Fig. 2.2, 2.3).  
Graphical display of outliers, by soil depth segment, showed that observations with 
higher TS and SS values tended to be around the outside of the field, except for a couple 
TS observations at 91 to 114 cm and SS observations at 69 to 91 cm (Fig. 2.5-2.12).  This 
suggests that higher soil strength readings may be associated more with edge of field 
effects rather than potential compaction issues.  Analysis of boxplots for VM showed an 
increase in mean VM and few outliers on the right of the distribution, but mainly outliers 
on the left of the distribution resulting in negative skewness for all soil depth segments 
(Fig. 2.4). 
For the Cannelburg Mine site, mean TS increased from 2.82 to 3.65 MPa while 
variance decreased from 3.30 to 2.27 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.9; Fig. 2.13).  Mean SS increased from 0.07 to 0.15 MPa and 
variance increased over the same soil depth segment interval (Fig. 2.14).  Volumetric 
moisture was consistent across the profile ranging from 25.13 to 25.07% going from a 
soil depth segment of 23 to 46 cm to 91 to 114 cm with decreasing variance (Table 2.9; 
Fig. 2.15).  Analysis of boxplots for both TS and SS showed increased mean levels and 
the presence of outliers (Fig. 2.13, 2.14).  Of particular note, TS outliers for the 
Cannelburg Mine site were much higher in value (range from 6 to 18 MPa) compared to 
other mine sites.  For example, TS outliers for the Cypress Mine site range from 5 to 10 
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MPa (Fig. 2.2).  Differences may be due to soil reconstruction methods and materials 
used.  Graphical display of outliers, by soil depth segment, showed that observations with 
higher TS and SS values tended to be in the bottom portion the field (Fig 2.16-2.23).  
Most of the outliers were found in the upper profile (23 to 46 and 46 to 69 cm) for TS and 
in the 23 to 46 cm depth segment for SS.  This suggested that high soil strength readings 
may indicate a difference in reconstruction methods used for the lower portion of the 
field compared to the upper half.  Analysis of boxplots for VM showed outliers on the 
left of the distribution resulting in negative skewness for all soil depth segments         
(Fig. 2.15). 
For the Wildcat Hills Mine site, mean TS increased from 1.28 to 1.60 MPa while 
variance increased from 0.33 to 0.67 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.9; Fig. 2.24).  Mean SS increased from 0.06 to 0.07 MPa and 
variance increased over the same soil depth segment interval (Fig. 2.25).  Volumetric 
moisture increased across the profile ranging from 28.97 to 29.93% going from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm with decreasing variance (Table 2.9;     
Fig. 2.26).  Analysis of boxplots for both TS and SS showed increased mean levels and 
the presence of outliers (Fig. 2.24, 2.25).  Graphical display of outliers, by soil depth 
segment, showed that observations with higher TS and SS values tended to separate by 
side of field (Fig. 2.27-2.34).  Most of the TS outliers in the upper profile (23 to 46 and 
46 to 69 cm) were found on the lower portion of the field while outliers in the lower 
profile (69 to 91 and 91 to 114 cm) were found on the upper portion of the field.  The 
pattern was the same for SS, however point locations were sparse.  The separation of 
outliers between soil depth segments suggested a difference in reconstruction methods or 
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timing of placement.  Analysis of boxplots for VM showed outliers on the left of the 
distribution resulting in negative skewness for all soil depth segments (Fig. 2.26). 
For the Cedar Stockpile field, mean TS increased from 1.55 to 2.10 MPa while 
variance decreased from 1.02 to 0.76 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.10; Fig. 2.35).  Mean SS increased from 0.07 to 0.13 MPa and 
variance increased over the same soil depth segment interval (Fig. 2.36).  Volumetric 
moisture increased across the profile ranging from 47.53 to 58.45% going from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm with decreasing variance (Table 2.10;   
Fig. 2.37).  Analysis of boxplots for both TS and SS showed increased mean levels and 
the presence of outliers (Fig. 2.35, 2.36).  Graphical display of outliers, by soil depth 
segment, showed that observations with higher TS values tended to be toward the middle 
of the field (Fig. 2.38-2.45).  This was across soil depth segments, however SS values 
tended to only be in the middle of the field for the upper soil depth segments (23 to 46 
and 46 to 69 cm).  The remaining lower soil depth segment graphics did not exhibit any 
pattern.  These outliers suggest the presence of an old haul road through this field.  
Analysis of boxplots for VM showed outliers on the left of the distribution resulting in 
negative skewness for all soil depth segments (Fig. 2.37). 
For the Cedar North field, mean TS increased from 1.74 to 2.76 MPa while 
variance increased from 0.62 to 1.49 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.10; Fig. 2.46).  Mean SS increased from 0.08 to 0.15 MPa and 
variance increased over the same soil depth segment interval (Fig. 2.47).  Volumetric 
moisture increased across the profile ranging from 47.29 to 51.51% going from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm with decreasing variance (Table 2.10;   
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Fig. 2.48).  Analysis of boxplots for both TS and SS showed increased mean levels and 
the presence of outliers (Fig. 2.46, 2.47).  Graphical display of outliers, by soil depth 
segment, showed that observations with higher TS and SS values were spread across the 
field with no discernable pattern (Fig. 2.49-2.56).  Outliers for this field came from many 
different spatial locations rather than a select few to create a high soil strength zone.  
Analysis of boxplots for VM showed outliers on the left of the distribution resulting in 
negative skewness for all soil depth segments (Fig. 2.48). 
For the Cedar West field, two CPT data sets were collected in Oct. 2006 and Sept. 
2008 (Table 2.2).  Unfortunately, due to a problem with the TS sensor, TS data collected 
in 2008 were scaled lower than typical readings.  These data were reported, however with 
the caveat of data scaling.  In addition, no data were collected for the VM sensor in 2008 
due to an electronic issue.  In 2007, 3 ha of field area was removed from crop production 
and converted to pasture.  This is noted in the difference of field area from 2006 to 2008 
(14 compared to 11 ha). 
Mean TS in 2006 increased from 2.91 to 3.39 MPa while variance decreased from 
2.00 to 1.26 going from a soil depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.11; 
Fig. 2.57).  Mean SS increased from 0.12 to 0.18 MPa and variance was consistent across 
the same soil depth segment interval (Fig. 2.58).  Volumetric moisture for was consistent 
across the profile ranging from 22.24 to 22.42% going from a soil depth segment of 23 to 
46 cm to 91 to 114 cm with consistent variance (Table 2.11; Fig. 2.59).  Graphical 
display of outliers showed that observations with higher TS and SS values were primarily 
contained in the lower portion of this field, especially at deeper soil depth segments   
(Fig. 2.60-2.67).  Mean TS in 2008 increased from 0.61 to 0.84 MPa while variance 
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increased from 0.05 to 0.45 going from a soil depth segment of 23 to 46 cm to 91 to 114 
cm (Table 2.11; Fig. 2.68).  Mean SS increased from 0.04 to 0.05 MPa and variance 
increased across the same soil depth segment interval (Fig. 2.69).  Analysis of boxplots 
across years for both TS and SS showed increased mean levels and the presence of 
outliers (Fig. 2.57, 2.58, 2.68, 2.69).  Volumetric moisture was not available for 2008 
(Table 2.11; Fig. 2.70).  Graphical display of outliers, similar to results from 2006, 
showed that observations with higher TS and SS values were primarily contained in the 
lower portion of this field, especially at deeper soil depth segments (Fig. 2.71-2.78).  
However, some variability of spatial locations existed at upper depths (23 to 46 and 46 to 
69 cm).  Outliers for this field may be related to traffic patterns during reconstruction as 
indicated by deeper high soil strength measurements.  Analysis of boxplots for VM 
showed outliers on the left of the distribution resulting in negative skewness for all soil 
depth segments, except 91 to 114 cm, in which outliers on the right of the distribution 
resulted in positive skewness (Fig. 2.59). 
For the Cedar East field, three CPT data sets were collected in Apr. 2006, Sept. 
2008 and July 2011 (Table 2.2).  Unfortunately as noted for the Cedar West field, TS data 
collected in 2008 were scaled lower than typical readings and VM data were not 
available.  In 2006, mean TS and SS increased across soil depth segments from 1.21 to 
1.45 MPa and 0.04 to 0.06 MPa, respectively (Table 2.12; Fig. 2.79, 2.80).  Volumetric 
moisture was consistent across the profile ranging from 29.06 to 28.98% going from a 
soil depth segment of 23 to 46 cm to 91 to 114 cm with increasing variance (Table 2.12; 
Fig. 2.81).  Analysis of boxplots for both TS and SS showed increased mean levels and 
the presence of outliers (Fig. 2.79, 2.80).  Graphical display of outliers, by soil depth 
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segment, showed that observations with higher TS and SS values were located near 
terraces, field edges, and match patterns of traffic (Fig. 2.82-2.89).  In 2008, mean TS and 
SS increased across soil depth segments from 0.68 to 1.01 MPa and 0.04 to 0.05 MPa, 
respectively (Table 2.12; Fig. 2.90, 2.91).  Volumetric moisture was not available in 2008 
(Table 2.12; Fig. 2.92).  Analysis of boxplots for both TS and SS showed increased mean 
levels and the presence of outliers (Fig. 2.90, 2.91).  Graphical display of outliers, by soil 
depth segment, showed that observations with higher TS and SS values were located near 
terraces, field edges, and match patterns of traffic, similar to 2006 results                    
(Fig. 2.93-2.100).  In 2011, mean TS and SS decreased across soil depth segments from 
2.63 to 1.75 MPa and 0.12 to 0.10 MPa, respectively (Table 2.12; Fig. 2.101, 2.102).  
Volumetric moisture increased from 50.73 to 61.65% across the same soil depth 
segments while variance decreased (Table 2.12; Fig. 2.103).  Analysis of boxplots for 
both TS and SS showed decreased mean levels, in contrast to 2006 and 2008 results, and 
the presence of outliers (Fig. 2.101, 2.102).  Graphical display of outliers, by soil depth 
segment, showed that observations with higher TS and SS values were located near 
terraces, field edges, and match patterns of traffic, similar to previous results              
(Fig. 2.104-2.111).  Variance of TS followed the same pattern as mean TS across soil 
depth segments and years of sampling.  Variability of spatial locations existed and this 
could be due to time of sampling and variability in materials used during soil 
reconstruction.  Analysis of boxplots for VM across years showed outliers on the left of 
the distribution resulting in negative skewness for all soil depth segments and both years 
(Fig. 2.81, 2.103). 
43  
For the Lewis Undisturbed field, mean TS decreased from 3.11 to 1.28 MPa while 
variance decreased from 1.06 to 0.14 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.15; Fig. 2.112).  Mean SS decreased from 0.07 to 0.06 MPa and 
variance decreased over the same soil depth segment interval (Fig. 2.113).  Volumetric 
moisture increased across the profile ranging from 26.78 to 31.03% going from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm with increasing variance (Table 2.15;    
Fig. 2.114).  Analysis of boxplots for both TS and SS show decreased mean levels and 
the presence of outliers, except for SS at a depth of 69 to 91 and 91 to 114 cm (Fig. 
2.112, 2.113).  Graphical display of outliers, by soil depth segment, showed that outliers 
were primarily found along field edges with no outliers for SS at the lower depths      
(Fig. 2.115-2.122).  This suggested that outliers are mainly related to edge of field effects 
and not related to soil strength concerns as indicated in disturbed fields.  Analysis of 
boxplots for VM showed outliers to the left of the distribution resulting in negative 
skewness for all soil depth segments, except 46 to 69 cm (Fig. 2.114). 
For the Lewis West field, two CPT data sets were collected in June 2006 and 
Sept. 2007 (Table 2.2).  Mean TS in 2006 decreased from 2.74 to 1.04 MPa while 
variance decreased from 3.15 to 0.29 going from a soil depth segment of 23 to 46 cm to 
91 to 114 cm (Table 2.13; Fig. 2.123).  Mean SS decreased from 0.04 to 0.03 MPa and 
variance increased across the same soil depth segment interval (Fig. 2.124).  Volumetric 
moisture increased across the profile ranging from 27.81 to 31.95% with decreasing 
variance (Table 2.13; Fig. 2.125).  Analysis of boxplots for both TS and SS showed 
decreased mean levels and the presence of outliers (Fig. 2.123, 2.124).  Graphical display 
of outliers, by soil depth segment, showed that observations with higher TS and SS 
44  
values were primarily contained in the lower to middle portion of this field, especially at 
deeper soil depth segments (Fig. 2.126-2.133).  Mean TS in 2007 decreased from 4.20 to 
2.16 MPa while variance decreased from 5.08 to 1.16 going from a soil depth segment of 
23 to 46 cm to 91 to 114 cm (Table 2.13; Fig. 2.134).  Mean SS decreased from 0.15 to 
0.12 MPa and variance stayed consistent across the same soil depth segment interval 
(Fig. 2.135).  Volumetric moisture increased across the profile ranging from 45.41 to 
51.41% in 2007 going from a soil depth segment of 23 to 46 cm to 91 to 114 cm with 
increasing variance in 2007 (Table 2.13; Fig. 2.136).  Analysis of boxplots for both TS 
and SS showed decreased mean levels and the presence of outliers (Fig. 2.134, 2.135).  
Graphical display of outliers, soil depth segment, showed that observations with higher 
TS and SS values were primarily contained in the lower to middle portion of this field, 
especially at deeper soil depth segments, similar to 2006 results (Fig. 2.137-2.144).  
However, some variability of spatial locations existed in 2006 across depth segments.  
Outliers for this field may be related to differences in soil materials used and timing of 
reconstruction.  Analysis of boxplots for VM showed outliers on the left of the 
distribution resulting in negative skewness for all soil depth segments, except 23 to 46 
cm, in which the distribution was slightly skewed to the right (Fig. 2.125, 2.136). 
For the Lewis East field, three CPT data sets were collected in Oct. 2005, June 
2006 and Sept. 2007 (Table 2.2).  In 2005, mean TS and SS decreased across soil depth 
segments from 2.93 to 1.20 MPa and 0.08 to 0.06 MPa, respectively (Table 2.14;         
Fig. 2.145, 2.146).  Volumetric moisture increased from 25.17 to 30.34% from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.14; Fig. 2.147).  Analysis of 
boxplots for both TS and SS showed decreased mean levels and the presence of outliers 
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(Fig. 2.145, 2.146).  Graphical display of outliers, by soil depth segment, showed that 
observations with higher TS and SS values were primarily contained in the lower portion 
of this field (Fig. 2.148-2.155).  In 2006, mean TS and SS decreased across soil depth 
segments from 2.43 to 1.11 MPa and 0.02 to 0.01 MPa, respectively (Table 2.14;         
Fig. 2.156, 2.157).  Volumetric moisture increased from 28.07 to 31.34% from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.14; Fig. 2.158).  Analysis of 
boxplots for both TS and SS showed decreased mean levels and the presence of outliers 
(Fig. 2.156, 2.157).  Graphical display of outliers, by soil depth segment, showed that 
observations with higher TS and SS values were primarily contained in the lower portion 
of this field (Fig. 2.159-2.166).  In 2007, mean TS and SS decreased across soil depth 
segments from 3.62 to 2.16 MPa and 0.14 to 0.12 MPa, respectively (Table 2.14;         
Fig. 2.167, 2.168).  Volumetric moisture increased from 45.58 to 49.96% from a soil 
depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.14; Fig. 2.169).  Analysis of 
boxplots for both TS and SS showed decreased mean levels and the presence of outliers 
(Fig. 2.167, 2.168).  Graphical display of outliers, by soil depth segment, showed that 
observations with higher TS and SS values were primarily contained in the lower portion 
of this field (Fig. 2.170-2.177).  Outliers for this field may be related to differences in soil 
materials used and timing of reconstruction.  Variance for TS followed the same pattern 
as mean TS across soil depth segments.  Variance for VM decreased across the same 
depth segments in 2005 and 2006, however increased in 2007.  Analysis of boxplots for 
VM showed outliers on the left of the distribution resulting in negative skewness for all 
soil depth segments and years of sampling, except 23 to 46 cm in 2007, in which the 
distribution was slightly skewed to the right (Fig. 2.147, 2.158, 2.169). 
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SOIL FERTILITY 
 
Soil fertility data were collected at the 0-15 and 15-30 cm depth segments on the 
Lewis East, Lewis West and Lewis Undisturbed fields in spring 2007.  While many soil 
fertility measurements were taken from each field and depth combination, specifically, 
descriptive statistics were calculated for values of P, K, Ca, S, OM and CEC from the    
0-15 cm depth segment and each field (Table 2.32).  Descriptive statistics were calculated 
across all sampled points for each variable and field combination.  Mean OM and CEC 
values are indicative of soil quality and not easily changed by fertilization.  Since mean 
CEC values for all three fields were less than 12 meq 100 g-1, these soils were classified 
as light-colored silt-loam soils (Fernández and Hoeft, 2009).  In terms of variables that 
can be changed by fertilization (P, K, Ca and S), all were within sufficiency levels for 
corn and soybean production except K (Fernández and Hoeft, 2009).  Mean field value 
recommendations for K in Illinois are divided into two regions, high capacity (> 12 meq 
100 g-1) and low capacity (< 12 meq 100 g-1) soils.  Since all three sampled fields were 
labeled as low capacity, the recommended K rate was 291 kg ha-1 for both corn and 
soybean production.  Mean K values were 198.29, 178.14 and 152.19 kg ha-1 for the 
Lewis East, West and Undisturbed fields, respectively (Table 2.32).  These mean K 
values were 92.71, 112.86 and 138.81 kg ha-1 lower than recommended for the same 
fields.  While values were lower than recommended, they were still consistent among 
fields.  Since nutritive values for the Lewis East, West and Undisturbed fields were not 
yield-limiting, except K which was consistent among fields, differences in soil strength 
measurements should not be confounded with differences in soil fertility. 
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SOIL ECa, ELEVATION & DERIVATIVES 
 
Elevation data were obtained for the Lewis East and West fields in spring 2007, 
the Cedar East and West fields in summer 2007 and the Wildcat Hills field in fall 2007 
using a 4-wheeler (Tables 2.2, 2.33).  Elevation data were also obtained for the 
Cannelburg Mine site during corn harvest in 2005 (Table 2.33).  In addition to dense 
elevation data, elevation data were collected during CPT sampling for the Lewis East and 
West fields, the Cedar East, West, North and Stockpile fields and the Cannelburg Mine 
site (Table 2.33).  Data were used from initial CPT sampling times on fields in which 
multiple CPT data sets were collected.  Elevation data were not collected in either format 
for the Cypress Creek Mine or the Lewis Undisturbed field.  Elevation data were similar 
between collected formats, however data obtained during CPT sampling were 
consistently lower (4 m) compared to data collected using a 4-wheeler.  The difference 
between formats may be explained by calibration differences between the soil 
penetrometer and the 4-wheeler.  Elevation data obtained using the 4-wheeler were given 
preference over that collected during CPT sampling for modeling, except for fields 
(Cedar North and Stockpile) in which only elevation obtained during CPT sampling was 
available.  Mean elevation was consistent within mine sites, except for the Cedar 
Stockpile field which was 13 m lower compared to the Cedar East, West and North fields 
(Table 2.33).  Mine sites declined in mean elevation from Cedar Mine site (197 m), 
Lewis Mine site (171 m), Cannelburg Mine site (166 m) to Wildcat Hills Mine site     
(127 m) (Table 2.33). 
Elevation derivatives (slope, profile and plan curvature, TWI and SPI) were 
calculated using elevation only derived from dense data sets (Table 2.33).  These values 
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were calculated for the Lewis East and West fields, the Cedar East and West fields, the 
Cannelburg Mine site and the Wildcat Hills Mine site (Table 2.33).  Values of elevation 
derivatives were specific to each field and provided information about water flow and 
distribution.  Of the 6 fields in which elevation derivatives were calculated, mean slope 
was the highest for the Cannelburg and WildCat Hills Mine sites indicating greater field 
topography variation compared to the other fields (Table 2.33).  Profile and plan 
curvature were variable among fields with no clear pattern.  Mean TWI, related to soil 
water content, was similar among sites (all close to a mean of 5).  Mean TWI, while 
variable, was highest for the Lewis East and West fields indicating a greater potential for 
higher soil water accumulation compared to other fields (Table 2.33).  For comparison, 
TWI was derived from elevation data collected at the Kellogg Biological Station in 
southwest Michigan with a mean across treatments of 7 and range of values 
encompassing TWI values found in the current study (Huang et al., 2008).  Mean SPI, 
related to soil erosion, was highest for the Cannelburg Mine site (0.23) and the Cedar 
West (0.18) field (Table 2.33).  This was in agreement with on-site work in which these 
fields had hilly terrain compared to other fields.  For comparison, SPI was derived from 
elevation data collected on a field in southwest Michigan with a mean of 0.78 and range 
of values encompassing SPI values found in the current study (Hao et al., 2010). 
Apparent soil electrical conductivity data were collected at the same time and 
density as elevation measurements using a 4-wheeler (Tables 2.2, 2.33).  Apparent soil 
electrical conductivity data were obtained for the Lewis East and West fields, the Cedar 
East and West fields and the Wildcat Hills Mine site (Table 2.33).  While substantial 
variation in values existed, mean ECa was the highest going from the Cedar Creek Mine 
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site (77 mS m-1), the Lewis Mine site (71 mS m-1) to the Wildcat Hills Mine site           
(63 mS m-1).  Soil ECa has shown to be related to many soil variables such as soil water 
content (Sudduth et al., 1995) and depth to claypan (Kitchen et al., 1999; Sudduth et al., 
2001) and linked to crop yield variability (Kitchen et al., 1999; Kravchenko et al., 2003).  
For comparison, ECa values collected using an EM38 on four fields in north-central 
Missouri ranged from 20 to 60 mS m-1 (Kitchen et al., 1999) and from 28 to 95 mS m-1 
on a field in central Missouri (Sudduth et al., 2003).  Mean ECa values from the same 
study for two sampled fields in east-central Illinois were 30.7 and 32.8 mS m-1 (Sudduth 
et al., 2003).  Apparent electrical conductivity values for the current study may be higher 
due to soil mixing during reconstruction and increased clay content. 
 
CROP YIELD 
 
Georeferenced crop yield were collected for the Cannelburg and Wildcat Hills 
Mine sites, Cedar East and West fields and Lewis East, West and Undisturbed fields 
(Table 2.34).  Crop yield data collected for each mine site and field varied depending 
upon year and crop harvested (Table 2.34).  Crop yield data were cleaned using the Yield 
Editor program (Sudduth and Drummond, 2007) when possible or cleaned by-hand 
(removing edge of field points, turning patterns and low field areas).  For all mine site 
and field combinations, except Lewis East and West, crop yield data were collected only 
once per crop.  For both the Lewis East and West fields, soybean yield data were 
collected three times (2005, 2007 and 2009) and corn yield data were collected two times 
(2006 and 2008).  Mean soybean yield declined from 2005 (3.97 Mg ha-1), 2007        
(3.19 Mg ha-1) to 2009 (0.73 Mg ha-1) for the Lewis East field (Table 2.34).  Mean 
soybean yield also declined from 2005 (3.41 Mg ha-1), 2007 (2.99 Mg ha-1) to 2009   
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(2.07 Mg ha-1) for the Lewis West field (Table 2.34).  Mean corn yield was higher in 
2006 (9.55 Mg ha-1) compared to 2008 (7.04 Mg ha-1) for the Lewis East field and 
similarly higher in 2006 (8.28 Mg ha-1) compared to 2008 (7.54 Mg ha-1) for the Lewis 
West field (Table 2.34).  Crop yield differences can be explained by management 
practices and weather variation (Table 2.8).  Mean soybean yield in 2009 for both fields 
was lower than expected due to a change in management by the cooperating producer.  
Compared to 2005 and 2007, a much lower soybean seeding density was used to 
minimize seed cost, however soybean yield was adversely affected.  Precipitation was 
above the 30-year average for the remaining growing seasons, except for 2007, which 
was lower than average which may explain the difference in mean soybean yield between 
2005 and 2007 (Table 2.8).  In addition, precipitation was well-above average for 2008 
which delayed corn planting and subsequently affected mean corn yield compared to 
2006 (Table 2.8).  Due to the site specific nature of crop yield (influenced by weather and 
site specific characteristics), generalizations across sites were not made. 
 
SOIL SPECTROPHOTOMETER 
 
Soil spectrophotometer data were collected for the Lewis East, Lewis West, Cedar 
East and Cedar West fields in spring and summer 2010.  Specifically, variables of Force 
(soil strength), EC, C and OM were measured and separated into four depth segments 
(23-46 cm, 46-69 cm, 69-91 cm and 91-114 cm) (Tables 2.35, 2.36).  For the Cedar East 
field, mean Force increased from 5.93 to 8.11 MPa while CV increased from 33 to 46 
going from a soil depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.35).  For the 
Cedar West field, mean Force increased from 5.54 to 7.47 MPa while CV increased from 
24 to 43 going from a soil depth segment of 23 to 46 cm to 91 to 114 cm (Table 2.35).  
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Increased mean Force across soil depth segments for these fields was consistent with 
CPT readings, except for Cedar East 2011 (Tables 2.11, 2.12, 2.35).  Increased CV was 
also consistent except Cedar West 2006 and Cedar East 2011 (Tables 2.11, 2.12, 2.35).  
For the Lewis East field, mean Force decreased from 12.75 to 7 MPa while CV decreased 
from 50 to 34 going from a soil depth segment of 23 to 46 cm to 91 to 114 cm (Table 
2.35).  For the Lewis West field, mean Force decreased from 8.86 to 7.36 MPa while CV 
increased from 42 to 53 going from a soil depth segment of 23 to 46 cm to 91 to 114 cm 
(Table 2.35).  Decreased mean Force across soil depth segments for these fields was 
consistent with all CPT readings (Tables 2.13, 2.14, 2.35).  Decreased CV was also 
consistent for Lewis East, however the opposite was true for Lewis West (Tables 2.13, 
2.14, 2.35). 
Mean soil EC increased with soil depth for all sampled fields while CV decreased 
for Cedar East and Lewis East, increased for Cedar West and remained consistent for 
Lewis West (Table 2.35).  Mean soil EC across soil depths was higher (56 mS m-1) for 
the Cedar fields compared to the Lewis fields (36 mS m-1) indicating a difference in soil 
reconstruction materials and clay content (Table 2.35).  Soil EC values based on 
previously mentioned studies (Kitchen et al., 1999; Sudduth et al., 2003) were closer to 
EC data collected by the soil spectrophotometer as compared to using the EM38.  It is 
unclear as to the difference between these mean values, however values for the Cedar 
Creek Mine site were higher as compared to the Lewis Mine site using either method. 
Mean soil C and OM decreased with soil depth for all sampled fields while CV 
increased for all fields except Cedar West (Table 2.36).  A decrease in C and OM with 
soil depth was expected (Simmons, 2009).  For comparison, mean soil OM, values were 
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2.91% and 2.63% for the Lewis East field and 2.55% and 2.15% for the Lewis West field 
for 0 to 15 cm and 15 to 30 cm soil depth segments collected in 2007 (data not shown).  
Mean 15 sample OM values taken for soil spectrophotometer calibration (prior to 
interpolation) values were 2.10% and 1.63% for the Lewis East field and 2.13% and 
1.74% for the Lewis West field for 0 to 15 cm and 15 to 30 cm soil depth segments 
collected in 2010.  Differences in mean OM values from 2007 to 2010 may be due to 
tillage and sample location.  While OM values for the 0 to 15 cm depth segment were not 
included in Table 2.36, values for the 15 to 30 cm depth segment have some 
comparability to the 23 to 46 cm depth segment.  When comparing these two soil depth 
segments, mean OM values (1.56% for Lewis East and 1.51% for Lewis West) were 
similar to soil spectrophotometer calibration samples taken in 2010 (Table 2.36).  Mean 
OM values for the current study were typical of such soils (Brady and Weil, 1999). 
 
CONCLUSION 
 
Data were collected on coal-mined fields in reclamation at the Lewis Mine site 
(three fields including an undisturbed field), Cannelburg Mine site (one field), Cypress 
Creek Mine site (one field), Wildcat Hills Mine site (one field) and the Cedar Creek Mine 
site (four fields).  Georeferenced crop yield, CPT, VIS-NIR soil spectrophotometer, ECa, 
elevation and derivatives (slope, plan and profile curvature, TWI, and SPI), soil fertility 
and weather data were collected depending on site and year.  Descriptive analysis of CPT 
data showed higher mean soil strength values and variation (coefficient of variation and 
skewness) associated with disturbed fields compared to an undisturbed field.  Soil 
strength values as detected through CPT and Force, while different in scale, were similar 
in describing soil strength patterns by soil depth segment.  Spatial patterns of outliers, 
detected using boxplots, for disturbed fields indicated potential soil compaction zones, 
where crop yield may be limited.  Crop yield variability on disturbed fields was primarily 
a function of soil strength and weather effects.  High soil strength effects were mitigated 
by favorable weather conditions which positively influenced crop yield.  Soil strength 
and water related variables will be important in modeling crop yield variation within and 
across mine sites. 
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TABLES AND FIGURES 
 
Table 2.1. Description of soil series at each coal mine site.  
Description Cedar Creek Site Lewis Site Wildcat Site 
 Soil series before coal mining 
Series Ipava silt loam Cory silt loam Hosmer silt loam 
Elevation 107 to 396 m 107 to 305 m 119 to 250 m 
Mean ann. precip. 81 to 102 cm 102 to 117 cm 84 to 168 cm 
Mean ann. temp. 9 to 12°C 11 to 13°C 11 to 14°C 
Parent material loess loess loess 
Slope 2 to 5% 0 to 2% 4 to 7% 
Drainage somewhat poorly drained somewhat poorly drained well-drained 
Avail. water cap. high (28 cm) high (27 cm) moderate (21 cm) 
 Soil series after soil reconstruction 
Series Swanwick silt loam Fairpoint shaly silt loam Orthents loam 
Elevation 122 to 244 m 107 to 305 m 119 to 250 m 
Mean ann. precip. 91 to 112 cm 102 to 117 cm 84 to 168 cm 
Mean ann. temp. 9 to 12°C 11 to 13°C 11 to 14°C 
Parent material mine spoil mine spoil mine spoil 
Slope 2-5 % 0 to 8% 10 to 15% 
Drainage well-drained well-drained well-drained 
Avail. water cap. moderate (16 cm) low (11 cm) high (28 cm) 
Description Cannelburg Site Cypress Site  
 Soil series before coal mining  
Series Hosmer silt loam Hosmer silt loam  
Elevation 104 to 305 m 104 to 213 m  
Mean ann. precip. 102 to 117 cm 102 to 117 cm  
Mean ann. temp. 11 to 14°C 11 to 14°C  
Parent material loess loess  
Slope 2 to 6% 2 to 6%  
Drainage mod. well-drained mod. well drained  
Avail. water cap. low (11 cm) low (11 cm)  
 Soil series after soil reconstruction  
Series Fairpoint sil loam Orthents  
Elevation 104 to 305 m 104 to 305 m  
Mean ann. precip. 102 to 117 cm 102 to 117 cm  
Mean ann. temp. 11 to 14°C 11 to 14°C  
Parent material mine spoil mine spoil  
Slope 2 to 8% 0 to 8%  
Drainage well-drained well-drained  
Avail. water cap. low (13 cm) low (13 cm)  
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 Table 2.2. Data collection summary for coal-mined sites with multiple fields.       
Data Type Cedar Site Lewis Site 
 East Field West Field North Field Stockpile East Field West Field Undisturbed 
Crop Yield† Corn 2006 Corn 2006 Wheat 2007 Wheat 2007 Soybean 2005 Soybean 2005 Soybean 2005 
 Soybean 2007 Soybean 2007   Corn 2006 Corn 2006 Corn 2006 
 Wheat 2008 Wheat 2008   Soybean 2007 Soybean 2007 Soybean 2007 
     Corn 2008 Corn 2008 Corn 2008 
     Soybean 2009 Soybean 2009 Soybean 2009 
        
CPT‡ Apr 2006 Oct 2006 July 2007 July 2007 Oct 2005 June 2006 Oct 2005 
 Sept 2008 Sept 2008   June 2006 Sept 2007  
 July 2011    Sept 2007   
        
VIS-NIR§ June 2010 June 2010 None None May 2010 May 2010 None 
        
Elevation¶ June 2007 June 2007 Probe Points Probe Points Apr 2007 Apr 2007 Probe Points 
        
EM38# June 2007 June 2007 None None Apr 2007 Apr 2007 None 61
        
Fertility†† None None None None Apr 2008 Apr 2008 Apr 2008 
        
Weather‡‡ Yes Yes Yes Yes Yes Yes Yes 
† Georeferenced crop yield data.       
‡ Cone penetrometer test data.       
§ VIS-NIR soil spectrophotometer data.      
¶ Elevation was collected using GPS software attached to an ATV.     
# EM-38 electromagnetic induction EC meter.      
†† Soil fertility data.      
‡‡ Weather data collected from the closest monitoring station to each site.    
 
  
 Table 2.3. Data collection summary for coal-mined sites with single fields. 
Data Type Wildcat Hills Site Cannelburg Site Cypress Creek Site 
 Field 1 Field 1 Field 1 
Crop Yield† Wheat 2006 Corn 2005 None 
  Soybean 2006  
    
CPT‡ Oct 2005 Oct 2005 Oct 2005 
    
VIS-NIR§ None None None 
    
Elevation¶ Sept 2007 Probe Points Probe Points 
    
EM38# Sept 2007 None None 
    
Fertility†† None None None 
    
Weather‡‡ Yes Yes Yes 
 † Georeferenced crop yield data. 
 ‡ Cone penetrometer test data. 
 § VIS-NIR soil spectrophotometer data. 
¶ Elevation was collected using GPS software attached to an ATV. 
# EM-38 electromagnetic induction EC meter. 
†† Soil fertility data.   
‡‡ Weather data collected from the closest monitoring station to each site. 
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 Table 2.4. Mean monthly precipitation and temperature at Cypress Creek Mine site, IN from 
2005 to 2010. 
Month Normal† 2005 2006 2007 2008 2009 2010 
 Total monthly precipitation (mm) 
85 130 122 150 58 85 68 Jan 
89 67 62 93 180 75 40 Feb 
117 76 246 69 310 90 100 Mar 
120 91 87 119 183 185 92 Apr 
127 80 114 53 132 136 135 May 
104 68 142 49 103 61 66 Jun 
111 96 147 89 86 164 172 Jul 
83 164 131 13 20 37 44 Aug 
95 47 271 109 25 238 14 Sep 
90 13 159 109 59 201 38 Oct 
112 230 130 45 90 34 199 Nov 
107 48 114 180 129 85 38 Dec 
 Average monthly temperature (°C) 
Jan 1 3 6 3 1 -2 -1 
Feb 3 5 3 -1 2 4 0 
Mar 8 7 8 12 7 11 9 
Apr 14 15 17 13 13 15 17 
May 19 18 18 21 18 20 21 
Jun 24 24 23 24 25 26 27 
Jul 25 26 26 24 25 23 27 
Aug 25 26 26 28 24 24 27 
Sep 21 23 19 23 22 21 22 
Oct 15 15 13 18 15 13 15 
Nov 9 9 8 8 7 11 8 
Dec 2 0 5 4 2 3 -1 
† Normal values are based on 30-year means.   
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 Table 2.5. Mean monthly precipitation and temperature at Cannelburg Mine site, IN from 2005 
to 2010.  
Month Normal† 2005 2006 2007 2008 2009 2010 
 Total monthly precipitation (mm) 
82 200 118 124 64 73 53 Jan 
74 62 37 85 133 58 35 Feb 
103 84 220 56 317 82 90 Mar 
111 83 188 87 138 153 108 Apr 
149 96 151 30 153 148 157 May 
115 99 100 219 134 128 140 Jun 
116 128 86 49 138 172 140 Jul 
83 168 80 32 37 63 60 Aug 
85 75 166 93 133 151 35 Sep 
93 21 144 142 52 248 26 Oct 
113 130 85 51 77 39 164 Nov 
94 61 155 185 167 102 8 Dec 
 Average monthly temperature (°C) 
Jan 0 2 6 2 0 -3 -3 
Feb 3 5 3 -2 1 3 -2 
Mar 8 6 10 13 7 9 9 
Apr 14 14 16 13 14 14 17 
May 19 18 18 21 17 19 20 
Jun 24 24 23 24 24 24 26 
Jul 25 25 26 24 25 23 27 
Aug 25 26 25 27 23 24 26 
Sep 21 22 18 23 21 21 22 
Oct 15 15 13 17 14 12 15 
Nov 8 10 8 8 7 10 8 
Dec 2 0 4 3 2 1 -1 
† Normal values are based on 30-year means.   
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 Table 2.6. Mean monthly precipitation and temperature at Wildcat Hills Mine site, IN from 
2005 to 2010.  
Month Normal† 2005 2006 2007 2008 2009 2010 
 Total monthly precipitation (mm) 
87 144 135 226 52 55 44 Jan 
87 52 59 110 163 19 42 Feb 
119 112 210 105 371 44 128 Mar 
113 81 57 91 175 154 84 Apr 
129 55 108 38 146 119 121 May 
113 87 59 115 97 83 144 Jun 
95 146 141 37 174 131 22 Jul 
76 175 19 19 76 102 87 Aug 
77 72 241 47 53 125 22 Sep 
95 12 149 179 70 220 27 Oct 
114 164 107 59 75 25 206 Nov 
100 14 120 179 105 132 6 Dec 
 Average monthly temperature (°C) 
Jan 0 4 6 2 0 -2 -3 
Feb 3 5 2 -1 1 4 -1 
Mar 8 6 9 12 7 9 8 
Apr 14 14 17 12 13 13 16 
May 19 18 19 21 18 19 20 
Jun 24 25 24 24 25 25 26 
Jul 26 26 26 25 25 24 27 
Aug 25 27 26 28 24 23 26 
Sep 20 23 19 23 21 21 21 
Oct 14 14 13 17 14 12 14 
Nov 8 10 8 8 7 10 8 
Dec 2 1 5 3 1 1 -2 
† Normal values are based on 30-year means.   
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 Table 2.7. Mean monthly precipitation and temperature at Cedar Creek Mine site, IN from 
2005 to 2010. 
Month Normal† 2005 2006 2007 2008 2009 2010 
 Total monthly precipitation (mm) 
41 99 60 71 68 3 42 Jan 
48 40 4 83 101 62 41 Feb 
66 22 51 82 55 135 55 Mar 
100 102 71 64 83 169 109 Apr 
130 24 45 45 112 131 132 May 
116 36 66 139 173 127 273 Jun 
112 53 109 24 162 29 207 Jul 
93 72 56 23 122 178 160 Aug 
91 128 55 20 285 86 182 Sep 
85 35 50 74 57 224 64 Oct 
76 48 77 17 30 97 20 Nov 
62 22 26 104 86 107 49 Dec 
 Average monthly temperature (°C) 
Jan -4 -3 3 -2 -2 -7 -7 
Feb -1 2 -1 -6 -5 0 -5 
Mar 5 4 5 7 3 6 6 
Apr 11 13 14 10 10 11 15 
May 17 16 17 20 15 17 17 
Jun 22 24 22 22 23 23 23 
Jul 24 25 26 23 23 21 24 
Aug 23 23 24 26 22 21 24 
Sep 19 21 18 21 19 19 19 
Oct 13 13 11 15 12 9 13 
Nov 6 7 7 6 5 8 6 
Dec -2 -4 1 -2 -4 -2 -4 
† Normal values are based on 30-year means.   
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 Table 2.8. Mean monthly precipitation and temperature at Lewis Mine site, IN from 2005 to 
2010.  
Month Normal† 2005 2006 2007 2008 2009 2010 
 Total monthly precipitation (mm) 
71 234 81 161 71 51 51 Jan 
68 41 41 89 130 97 44 Feb 
88 33 216 84 232 29 82 Mar 
113 112 145 89 83 273 88 Apr 
140 73 119 66 217 192 114 May 
113 144 86 103 345 123 181 Jun 
113 149 98 71 128 120 132 Jul 
83 143 88 36 11 67 23 Aug 
91 123 185 62 131 84 14 Sep 
91 47 151 94 49 204 21 Oct 
102 110 104 37 52 53 92 Nov 
82 75 128 141 138 76 23 Dec 
 Average monthly temperature (°C) 
Jan -2 0 4 0 -2 -5 -5 
Feb 0 2 0 -6 -1 0 -4 
Mar 6 4 6 9 5 8 7 
Apr 12 13 14 11 11 12 15 
May 17 16 16 20 15 17 18 
Jun 22 23 22 22 23 23 24 
Jul 24 24 24 22 23 21 25 
Aug 23 25 24 26 23 22 25 
Sep 19 21 18 21 20 19 20 
Oct 13 14 11 16 13 11 14 
Nov 7 8 7 6 5 9 6 
Dec 0 -2 3 1 -1 -1 -4 
† Normal values are based on 30-year means.   
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Table 2.9. Cone penetrometer descriptive statistics summarized by soil depth for the Cypress Creek, Cannelburg, and Wildcat Hills Mine 
sites. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Cypress Creek - 2005 
Number of obs. 965 988 994 1003 958 988 994 1003 860 955 975 982 
Mean 2.44 3.15 2.93 2.67 0.05 0.10 0.11 0.10 20.57 24.92 26.63 26.48 
Median 2.14 2.59 2.55 2.50 0.04 0.09 0.10 0.10 21.12 25.37 26.69 26.87 
CV 61.02 65.87 47.46 41.22 66.68 50.23 38.24 34.53 20.14 13.83 10.93 11.39 
Variance 2.21 4.29 1.93 1.21 0.0010 0.0020 0.0010 0.0010 17.17 11.87 8.47 9.09 
Skewness 2.04 1.29 1.04 1.20 1.11 0.42 1.44 0.56 -0.18 -1.05 -0.69 -1.88 
 Cannelburg - 2005 
Number of obs. 1815 1843 1869 1910 1807 1832 1869 1901 1784 1822 1849 1852 
Mean 2.82 3.94 4.07 3.65 0.07 0.12 0.16 0.15 25.13 24.82 24.83 25.07 
Median 2.34 3.37 3.83 3.33 0.07 0.12 0.15 0.15 25.42 25.18 25.25 25.3 
CV 64.39 59.78 44.59 41.26 53.62 45.21 35.38 35.72 10.56 10.4 9.46 9.06 
Variance 3.30 5.55 3.30 2.27 0.0010 0.0030 0.0030 0.0020 7.04 6.66 5.51 5.16 
Skewness 2.21 2.42 1.82 1.09 1.00 1.15 0.46 0.85 -1.23 -0.97 -0.87 -0.61 
 Wildcat Hills - 2005 
Number of obs. 1244 1252 1263 1261 1244 1252 1263 1261 1244 1248 1263 1261 
Mean 1.28 1.14 1.55 1.60 0.06 0.05 0.07 0.07 28.97 29.82 29.66 29.93 
Median 1.13 0.93 1.28 1.42 0.06 0.05 0.06 0.07 29.47 30.15 29.98 30.09 
CV 44.72 65.05 62.38 51.20 32.21 39.51 44.34 44.58 11.46 10.02 8.41 6.32 
Variance 0.33 0.55 0.93 0.67 0.0003 0.0003 0.0008 0.0010 11.03 8.93 6.23 3.58 
Skewness 1.25 2.25 1.59 1.35 0.06 0.61 0.66 0.77 -0.97 -1.36 -1.24 -0.57 
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Table 2.10. Cone penetrometer descriptive statistics summarized by soil depth for the Cedar Stockpile and North fields. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Cedar Stockpile - 2007 
Number of obs. 415 422 428 430 415 422 428 430 415 422 428 422 
Mean 1.55 1.62 1.82 2.10 0.07 0.08 0.11 0.13 47.53 48.35 53.59 58.45 
Median 1.26 1.20 1.83 1.99 0.07 0.06 0.12 0.13 48.44 48.79 55.62 59.99 
CV 64.91 81.32 55.33 41.53 44.24 62.53 44.03 29.82 14.37 15.79 16.4 7.73 
Variance 1.02 1.75 1.01 0.76 0.0010 0.0020 0.0030 0.0020 46.67 58.25 77.24 20.39 
Skewness 1.37 1.53 1.17 1.49 1.35 1.14 0.07 0.65 -0.44 -0.01 -1.35 -1.11 
 Cedar North - 2007 
Number of obs. 1398 1422 1447 1452 1398 1422 1447 1452 1398 1422 1447 1421 
Mean 1.74 2.58 3.62 2.76 0.08 0.13 0.19 0.15 47.29 52.15 50.34 51.51 
Median 1.60 2.32 3.45 2.53 0.08 0.12 0.19 0.14 48.81 53.39 51.27 52.44 
CV 45.04 54.19 39.93 44.23 41.06 41.05 32.22 32.16 21.58 13.62 14.59 15.12 
Variance 0.62 1.96 2.09 1.49 0.0010 0.0030 0.0030 0.0020 104.14 50.41 53.96 60.62 
Skewness 0.93 1.39 0.84 1.66 0.95 0.76 0.33 0.73 -0.65 -0.69 -0.56 -0.82 
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Table 2.11. Cone penetrometer descriptive statistics summarized by soil depth for the Cedar West field. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Cedar West - 2006 
Number of obs. 962 967 966 995 962 963 962 988 764 666 709 700 
Mean 2.91 3.98 3.96 3.39 0.12 0.18 0.20 0.18 22.24 20.09 21.95 22.42 
Median 2.59 3.68 3.87 3.26 0.11 0.17 0.20 0.18 22.46 20.60 22.27 22.70 
CV 48.63 36.06 28.16 33.07 42.30 35.56 29.11 32.06 18.26 19.07 13.35 17.97 
Variance 2.00 2.06 1.24 1.26 0.0030 0.0040 0.0030 0.0030 16.48 14.69 8.59 16.24 
Skewness 0.98 1.73 0.59 1.10 1.01 0.35 0.22 0.58 -0.12 -0.18 -0.44 0.20 
 Cedar West - 2008 
Number of obs. 1425 1452 1474 1492 1425 1452 1474 1492 1425 1452 1474 1450 
Mean 0.61 0.66 0.75 0.84 0.04 0.04 0.04 0.05 2293.91 2293.91 2293.91 2293.91
Median 0.58 0.63 0.71 0.67 0.04 0.04 0.04 0.04 2293.91 2293.91 2293.91 2293.91
CV 37.26 41.62 42.13 80.23 27.15 35.67 41.20 65.54 0.00 0.00 0.00 0.00 
Variance 0.05 0.08 0.10 0.45 0.0001 0.0002 0.0003 0.0009 0.00 0.00 0.00 0.00 
Skewness 1.45 0.89 1.17 2.92 0.32 0.63 0.72 2.17 0.00 0.00 0.00 0.00 
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Table 2.12. Cone penetrometer descriptive statistics summarized by soil depth for the Cedar East field. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Cedar East - 2006 
Number of obs. 1630 1638 1661 1655 1628 1638 1651 1649 1630 1632 1647 1551 
Mean 1.21 1.19 1.40 1.45 0.04 0.05 0.05 0.06 29.06 29.61 29.40 28.98 
Median 1.12 1.08 1.27 1.26 0.04 0.04 0.05 0.05 29.29 29.81 29.61 29.32 
CV 39.61 45.75 46.75 54.05 35.35 51.24 47.27 46.54 7.99 7.20 7.83 9.81 
Variance 0.23 0.30 0.43 0.61 0.0002 0.0005 0.0007 0.0007 5.39 4.54 5.30 8.08 
Skewness 2.90 1.57 2.22 2.71 0.19 0.37 0.92 1.43 -0.66 -1.35 -0.95 -2.21 
 Cedar East - 2008 
Number of obs. 1810 1838 1878 1888 1810 1838 1878 1888 1810 1838 1878 1854 
Mean 0.68 0.68 0.90 1.01 0.04 0.04 0.05 0.05 2293.91 2293.91 2293.91 2293.91
Median 0.59 0.62 0.75 0.76 0.04 0.04 0.04 0.05 2293.91 2293.91 2293.91 2293.91
CV 43.88 42.01 75.19 82.16 30.66 35.96 39.70 60.84 0.00 0.00 0.00 0.00 
Variance 0.09 0.08 0.46 0.68 0.0001 0.0002 0.0003 0.0010 0.00 0.00 0.00 0.00 
Skewness 1.44 1.75 4.03 3.36 0.64 0.99 1.45 2.94 0.00 0.00 0.00 0.00 
 Cedar East - 2011 
Number of obs. 972 976 981 980 972 976 981 980 960 934 961 952 
Mean 2.63 2.54 2.16 1.75 0.12 0.13 0.12 0.10 50.73 57.15 59.71 61.95 
Median 2.46 2.14 1.95 1.66 0.11 0.12 0.12 0.10 52.65 59.02 61.70 63.09 
CV 48.97 60.05 51.12 45.27 30.83 34.95 38.01 33.70 21.84 16.68 15.47 12.88 
Variance 1.65 2.34 1.22 0.63 0.0010 0.0020 0.0020 0.0010 122.79 90.82 85.31 63.71 
Skewness 1.62 2.26 1.47 2.13 0.26 0.41 0.51 0.45 -1.21 -1.24 -1.79 -1.64 
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Table 2.13. Cone penetrometer descriptive statistics summarized by soil depth for the Lewis West field. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Lewis West - 2006 
Number of obs. 1368 1412 1423 1424 1337 1338 1320 1203 1368 1412 1423 1402 
Mean 2.74 1.60 1.13 1.04 0.04 0.03 0.03 0.03 27.81 30.67 31.74 31.95 
Median 2.20 1.27 1.01 0.92 0.04 0.03 0.02 0.02 27.95 31.44 32.14 32.2 
CV 64.84 69.92 48.49 51.71 72.16 80.75 79.09 83.68 12.17 10.63 6.8 6.12 
Variance 3.15 1.25 0.30 0.29 0.0010 0.0008 0.0005 0.0004 11.46 10.62 4.66 3.83 
Skewness 1.36 2.30 2.49 1.76 0.67 0.98 0.94 1.23 -0.1 -0.83 -1.56 -0.68 
 Lewis West - 2007 
Number of obs. 1524 1555 1613 1646 1524 1555 1613 1646 1524 1555 1613 1613 
Mean 4.20 4.28 3.14 2.16 0.15 0.19 0.16 0.12 45.41 45.73 48.44 51.41 
Median 3.59 3.73 2.88 1.94 0.14 0.17 0.15 0.11 44.7 46.72 49.79 52.18 
CV 53.62 54.45 48.28 49.94 36.25 43.01 40.01 43.22 11.49 15.3 13.67 10.46 
Variance 5.08 5.43 2.30 1.16 0.0030 0.0070 0.0040 0.0030 27.2 48.95 43.86 28.91 
Skewness 1.36 1.41 1.56 1.12 1.11 1.15 0.83 0.75 0.38 -0.27 -1.25 -0.65 
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Table 2.14. Cone penetrometer descriptive statistics summarized by soil depth for the Lewis East field. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Lewis East - 2005 
Number of obs. 1098 1108 1116 1122 1098 1108 1116 1122 1086 1108 1116 1120 
Mean 2.93 2.30 1.69 1.20 0.08 0.08 0.07 0.06 25.17 27.55 28.49 30.34 
Median 2.53 1.79 1.42 1.08 0.08 0.07 0.06 0.06 24.96 28.07 29.03 30.6 
CV 54.85 72.81 61.22 55.13 34.35 43.40 45.66 44.22 13.52 11.86 11.17 7.69 
Variance 2.59 2.80 1.07 0.44 0.0008 0.0010 0.0010 0.0010 11.57 10.68 10.13 5.44 
Skewness 1.13 1.97 1.73 3.11 0.14 0.94 1.27 3.02 -0.17 -0.67 -1.1 -0.71 
 Lewis East - 2006 
Number of obs. 1152 1174 1195 1193 1017 893 792 640 1152 1174 1195 1168 
Mean 2.43 1.82 1.36 1.11 0.02 0.02 0.02 0.01 28.07 29.75 30.8 31.34 
Median 1.83 1.40 1.19 1.01 0.02 0.02 0.02 0.01 28.51 30.24 30.96 31.58 
CV 64.45 63.66 54.24 40.90 102.04 76.26 82.37 95.74 10.88 8.37 6.65 5.54 
Variance 2.44 1.34 0.55 0.21 0.0010 0.0002 0.0003 0.0002 9.33 6.19 4.2 3.01 
Skewness 1.56 2.11 2.38 2.37 1.07 0.97 1.48 1.63 -0.29 -0.73 -0.49 -0.95 
 Lewis East - 2007 
Number of obs. 2134 2178 2220 2278 2134 2178 2220 2273 2101 2135 2186 2121 
Mean 3.62 4.41 3.22 2.16 0.14 0.18 0.16 0.12 45.58 44.46 46.71 49.96 
Median 3.16 3.72 2.80 1.94 0.13 0.18 0.15 0.11 44.67 45.92 48.38 51.12 
CV 55.82 62.22 58.47 53.55 37.00 40.77 40.90 42.04 14.48 17.98 16.8 15.11 
Variance 4.07 7.52 3.54 1.34 0.0030 0.0060 0.0040 0.0020 43.58 63.92 61.61 56.95 
Skewness 1.25 1.42 2.34 2.60 0.79 0.32 1.30 1.45 0.31 -0.35 -1.03 -1.01 
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Table 2.15. Cone penetrometer descriptive statistics summarized by soil depth for the Lewis Undisturbed field. 
 Tip Strength (MPa) Sleeve Strength (MPa) Volume Moisture (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Penetrometer Set Lewis Undisturbed - 2005 
Number of obs. 994 997 1013 1009 994 997 1013 1009 994 997 1013 1009 
Mean 3.11 1.70 1.37 1.28 0.07 0.05 0.05 0.06 26.78 29.64 30.51 31.03 
Median 3.02 1.58 1.32 1.24 0.06 0.05 0.05 0.06 26.69 29.57 30.68 31.7 
CV 33.11 33.03 31.80 29.84 29.01 32.80 30.77 30.09 7.73 4.28 7.67 8.76 
Variance 1.06 0.32 0.19 0.14 0.0004 0.0003 0.0003 0.0003 4.28 1.61 5.47 7.39 
Skewness 0.60 0.60 1.52 0.70 1.37 0.29 -0.01 -0.11 -0.16 0.11 -2.58 -2.59 
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Table 2.16. Correlation of cone penetrometer data collected in 2005 by variable and soil depth for the Cypress Mine site.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.84 
 
0.14 
 
0.58 
 
0.50 
 
-0.12 
 
0.19 
 
0.06 
 
-0.23 
 
0.04 
 
0.17 
 
0.06 
 
SS 23-46 <.0001 50 
1 
 
0.50 
 
0.29 
 
0.37 
 
0.16 
 
0.05 
 
-0.03 
 
-0.12 
 
-0.03 
 
0.13 
 
0.12 
 
VM 23-46 0.3417 49 
0.0003 
49 
1 
 
-0.35 
 
-0.24 
 
0.64 
 
-0.27 
 
-0.27 
 
0.18 
 
-0.09 
 
0.03 
 
0.13 
 
TS 46-69 <.0001 50 
0.0389 
50 
0.0125
49 
1 
 
0.75 
 
-0.52 
 
0.64 
 
0.38 
 
-0.31 
 
0.21 
 
0.10 
 
0.03 
 
SS 46-69 0.0002 50 
0.0081 
50 
0.0993
49 
<.0001
50 
1 
 
-0.22 
 
0.56 
 
0.55 
 
-0.21 
 
0.13 
 
0.15 
 
0.01 
 
VM 46-69 0.4275 49 
0.2781 
49 
<.0001
49 
0.0001
49 
0.1216
49 
1 
 
-0.35 
 
-0.24 
 
0.39 
 
-0.20 
 
-0.01 
 
0.19 
 
TS 69-91 0.1789 50 
0.7120 
50 
0.0655
49 
<.0001
50 
<.0001
50 
0.0146
49 
1 
 
0.79 
 
-0.55 
 
0.59 
 
0.35 
 
-0.27 
 
SS 69-91 0.6704 50 
0.8462 
50 
0.0630
49 
0.0060
50 
<.0001
50 
0.1022
49 
<.0001 
50 
1 
 
-0.20 
 
0.49 
 
0.60 
 
-0.04 
 
VM 69-91 0.1099 49 
0.4122 
49 
0.2202
49 
0.0314
49 
0.1540
49 
0.0052
49 
<.0001 
49 
0.1725
49 
1 
 
-0.45 
 
-0.06 
 
0.78 
 
TS 91-114 0.7618 50 
0.8226 
50 
0.5433
49 
0.1444
50 
0.3633
50 
0.1739
49 
<.0001 
50 
0.0003
50 
0.0011
49 
1 
 
0.65 
 
-0.36 
 
SS 91-114 0.2378 50 
0.3764 
50 
0.8231
49 
0.4832
50 
0.2959
50 
0.9272
49 
0.0117 
50 
<.0001
50 
0.6950
49 
<.0001
50 
1 
 
0.13 
 
VM 91-114 0.6881 49 
0.4207 
49 
0.3806
49 
0.8390
49 
0.9256
49 
0.1805
49 
0.0611 
49 
0.7784
49 
<.0001
49 
0.0102
49 
0.3913
49 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
  
76
Table 2.17. Correlation of cone penetrometer data collected in 2005 by variable and soil depth for the Cannelburg Mine site.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.62 
 
-0.41 
 
0.74 
 
0.46 
 
-0.49 
 
0.41 
 
0.12 
 
-0.33 
 
0.36 
 
0.17 
 
-0.30 
 
SS 23-46 <.0001 92 
1 
 
0.04 
 
0.43 
 
0.57 
 
-0.08 
 
0.09 
 
0.01 
 
-0.08 
 
0.18 
 
0.06 
 
-0.23 
 
VM 23-46 <.0001 91 
0.7345 
91 
1 
 
-0.31 
 
-0.04 
 
0.73 
 
-0.23 
 
0.04 
 
0.51 
 
-0.25 
 
-0.01 
 
0.37 
 
TS 46-69 <.0001 92 
<.0001 
92 
0.0031
91 
1 
 
0.72 
 
-0.44 
 
0.50 
 
0.19 
 
-0.25 
 
0.24 
 
0.20 
 
-0.07 
 
SS 46-69 <.0001 92 
<.0001 
92 
0.6846
91 
<.0001
92 
1 
 
-0.05 
 
0.31 
 
0.25 
 
0.01 
 
0.08 
 
0.13 
 
0.11 
 
VM 46-69 <.0001 91 
0.4256 
91 
<.0001
91 
<.0001
91 
0.6058
91 
1 
 
-0.27 
 
-0.02 
 
0.56 
 
-0.26 
 
-0.06 
 
0.40 
 
TS 69-91 <.0001 92 
0.4173 
92 
0.0253
91 
<.0001
92 
0.0026
92 
0.0086
91 
1 
 
0.70 
 
-0.62 
 
0.66 
 
0.54 
 
-0.40 
 
SS 69-91 0.2514 92 
0.8992 
92 
0.6786
91 
0.0660
92 
0.0150
92 
0.8297
91 
<.0001 
92 
1 
 
-0.14 
 
0.50 
 
0.71 
 
-0.08 
 
VM 69-91 0.0013 91 
0.4342 
91 
<.0001
91 
0.0148
91 
0.9621
91 
<.0001
91 
<.0001 
91 
0.1871
91 
1 
 
-0.47 
 
-0.14 
 
0.72 
 
TS 91-114 0.0005 92 
0.0802 
92 
0.0162
91 
0.0188
92 
0.4290
92 
0.0122
91 
<.0001 
92 
<.0001
92 
<.0001
91 
1 
 
0.73 
 
-0.67 
 
SS 91-114 0.1001 92 
0.5399 
92 
0.9894
91 
0.0516
92 
0.2242
92 
0.5739
91 
<.0001 
92 
<.0001
92 
0.1811
91 
<.0001
92 
1 
 
-0.21 
 
VM 91-114 0.0045 90 
0.0321 
90 
0.0004
90 
0.4907
90 
0.3043
90 
0.0001
90 
<.0001 
90 
0.4486
90 
<.0001
90 
<.0001
90 
0.0433
90 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.18. Correlation of cone penetrometer data collected in 2005 by variable and soil depth for the Wildcat Hills Mine site.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.50 
 
-0.40 
 
0.70 
 
0.43 
 
-0.42 
 
0.38 
 
0.26 
 
-0.28 
 
0.07 
 
0.09 
 
-0.24 
 
SS 23-46 
<.0001 
62 
1 
 
0.35 
 
0.40 
 
0.49 
 
-0.02 
 
0.06 
 
-0.01 
 
0.03 
 
-0.09 
 
-0.06 
 
0.08 
 
VM 23-46 
0.0013 
62 
0.0059 
62 
1 
 
-0.27 
 
-0.12 
 
0.48 
 
-0.22 
 
-0.20 
 
0.41 
 
0.06 
 
0.08 
 
0.36 
 
TS 46-69 
<.0001 
62 
0.0013 
62 
0.0354 
62 
1 
 
0.58 
 
-0.40 
 
0.55 
 
0.29 
 
-0.41 
 
0.03 
 
0.03 
 
-0.12 
 
SS 46-69 
0.0005 
62 
<.0001 
62 
0.3568 
62 
<.0001 
62 
1 
 
0.15 
 
0.26 
 
0.34 
 
-0.09 
 
-0.01 
 
-0.01 
 
-0.05 
 
VM 46-69 
0.0008 
62 
0.8834 
62 
<.0001 
62 
0.0012 
62 
0.2494 
62 
1 
 
-0.30 
 
-0.15 
 
0.54 
 
0.04 
 
0.07 
 
0.31 
 
TS 69-91 
0.0022 
62 
0.6220 
62 
0.0853 
62 
<.0001 
62 
0.0409 
62 
0.0160 
62 
1 
 
0.74 
 
-0.54 
 
0.44 
 
0.36 
 
-0.49 
 
SS 69-91 
0.0409 
62 
0.9724 
62 
0.1102 
62 
0.0206 
62 
0.0077 
62 
0.2465 
62 
<.0001 
62 
1 
 
-0.20 
 
0.50 
 
0.56 
 
-0.36 
 
VM 69-91 
0.0267 
62 
0.8329 
62 
0.0009 
62 
0.0009 
62 
0.4766 
62 
<.0001 
62 
<.0001 
62 
0.1213 
62 
1 
 
0.05 
 
0.22 
 
0.51 
 
TS 91-114 
0.5942 
62 
0.5055 
62 
0.6174 
62 
0.8370 
62 
0.9942 
62 
0.7863 
62 
0.0004 
62 
<.0001 
62 
0.7061 
62 
1 
 
0.89 
 
-0.55 
 
SS 91-114 
0.5109 
62 
0.6481 
62 
0.5126 
62 
0.8424 
62 
0.9159 
62 
0.6098 
62 
0.0045 
62 
<.0001 
62 
0.0804 
62 
<.0001 
62 
1 
 
-0.27 
 
VM 91-114 
0.0598 
62 
0.5123 
62 
0.0038 
62 
0.3627 
62 
0.6941 
62 
0.0149 
62 
<.0001 
62 
0.0041 
62 
<.0001 
62 
<.0001 
62 
0.0324 
62 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.19. Correlation of cone penetrometer data collected in 2007 by variable and soil depth for the Cedar Creek Stockpile field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.88 
 
-0.53 
 
0.38 
 
0.39 
 
-0.32 
 
0.21 
 
0.16 
 
-0.33 
 
0.39 
 
0.49 
 
-0.38 
 
SS 23-46 
<.0001 
17 
1 
 
-0.22 
 
0.27 
 
0.37 
 
-0.16 
 
0.32 
 
0.26 
 
-0.18 
 
0.35 
 
0.30 
 
-0.50 
 
VM 23-46 
0.0272 
17 
0.3984 
17 
1 
 
-0.05 
 
0.06 
 
0.49 
 
0.02 
 
0.05 
 
0.11 
 
-0.45 
 
-0.47 
 
0.10 
 
TS 46-69 
0.1280 
17 
0.2933 
17 
0.8405 
17 
1 
 
0.79 
 
0.06 
 
0.61 
 
0.59 
 
0.02 
 
0.07 
 
-0.03 
 
0.16 
 
SS 46-69 
0.1256 
17 
0.1407 
17 
0.8298 
17 
0.0001 
17 
1 
 
0.49 
 
0.58 
 
0.53 
 
0.04 
 
0.05 
 
-0.08 
 
0.01 
 
VM 46-69 
0.2125 
17 
0.5415 
17 
0.0450 
17 
0.8237 
17 
0.0448 
17 
1 
 
0.37 
 
0.36 
 
0.07 
 
0.02 
 
-0.09 
 
-0.12 
 
TS 69-91 
0.4088 
17 
0.2081 
17 
0.9412 
17 
0.0087 
17 
0.0153 
17 
0.1434 
17 
1 
 
0.96 
 
-0.04 
 
0.27 
 
0.06 
 
-0.18 
 
SS 69-91 
0.5320 
17 
0.3125 
17 
0.8618 
17 
0.0135 
17 
0.0280 
17 
0.1575 
17 
<.0001 
17 
1 
 
0.03 
 
0.18 
 
0.04 
 
-0.10 
 
VM 69-91 
0.1932 
17 
0.4890 
17 
0.6612 
17 
0.9395 
17 
0.8694 
17 
0.7771 
17 
0.8739 
17 
0.9218 
17 
1 
 
-0.21 
 
-0.51 
 
0.38 
 
TS 91-114 
0.1259 
17 
0.1748 
17 
0.0670 
17 
0.7835 
17 
0.8574 
17 
0.9356 
17 
0.2889 
17 
0.4852 
17 
0.4123 
17 
1 
 
0.78 
 
-0.58 
 
SS 91-114 
0.0464 
17 
0.2428 
17 
0.0576 
17 
0.9040 
17 
0.7555 
17 
0.7452 
17 
0.8094 
17 
0.8653 
17 
0.0346 
17 
0.0002 
17 
1 
 
-0.42 
 
VM 91-114 
0.1367 
17 
0.0408 
17 
0.6925 
17 
0.5366 
17 
0.9603 
17 
0.6379 
17 
0.5000 
17 
0.7061 
17 
0.1356 
17 
0.0145 
17 
0.0948 
17 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.20. Correlation of cone penetrometer data collected in 2007 by variable and soil depth for the Cedar Creek North field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.58 
 
-0.50 
 
0.51 
 
0.38 
 
-0.35 
 
0.14 
 
-0.01 
 
-0.11 
 
0.13 
 
-0.11 
 
-0.04 
 
SS 23-46 
<.0001 
57 
1 
 
0.10 
 
0.34 
 
0.48 
 
-0.08 
 
0.08 
 
-0.01 
 
-0.07 
 
-0.03 
 
-0.15 
 
-0.02 
 
VM 23-46 
<.0001 
57 
0.4523 
57 
1 
 
-0.18 
 
-0.08 
 
0.41 
 
0.10 
 
0.11 
 
0.05 
 
-0.03 
 
0.17 
 
0.07 
 
TS 46-69 
<.0001 
57 
0.0108 
57 
0.1916 
57 
1 
 
0.75 
 
-0.57 
 
0.56 
 
0.35 
 
-0.40 
 
0.33 
 
0.17 
 
-0.17 
 
SS 46-69 
0.0031 
57 
0.0002 
57 
0.5524 
57 
<.0001 
57 
1 
 
-0.20 
 
0.31 
 
0.35 
 
-0.10 
 
0.03 
 
0.04 
 
0.01 
 
VM 46-69 
0.0079 
57 
0.5612 
57 
0.0014 
57 
<.0001 
57 
0.1270 
57 
1 
 
-0.39 
 
-0.08 
 
0.65 
 
-0.35 
 
-0.07 
 
0.40 
 
TS 69-91 
0.3039 
57 
0.5339 
57 
0.4442 
57 
<.0001 
57 
0.0188 
57 
0.0026 
57 
1 
 
0.77 
 
-0.55 
 
0.51 
 
0.48 
 
-0.22 
 
SS 69-91 
0.9185 
57 
0.9496 
57 
0.3996 
57 
0.0081 
57 
0.0080 
57 
0.5397 
57 
<.0001 
57 
1 
 
-0.07 
 
0.36 
 
0.62 
 
0.07 
 
VM 69-91 
0.3977 
57 
0.6073 
57 
0.7032 
57 
0.0022 
57 
0.4537 
57 
<.0001 
57 
<.0001 
57 
0.5801 
57 
1 
 
-0.27 
 
0.01 
 
0.56 
 
TS 91-114 
0.3421 
57 
0.8039 
57 
0.8030 
57 
0.0122 
57 
0.8400 
57 
0.0080 
57 
<.0001 
57 
0.0054 
57 
0.0399 
57 
1 
 
0.71 
 
-0.58 
 
SS 91-114 
0.4321 
57 
0.2543 
57 
0.2152 
57 
0.2001 
57 
0.7707 
57 
0.5823 
57 
0.0002 
57 
<.0001 
57 
0.9987 
57 
<.0001 
57 
1 
 
-0.09 
 
VM 91-114 
0.7644 
57 
0.8549 
57 
0.5861 
57 
0.2118 
57 
0.9344 
57 
0.0021 
57 
0.0986 
57 
0.5857 
57 
<.0001 
57 
<.0001 
57 
0.4983 
57 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.21. Correlation of cone penetrometer data collected in 2006 by variable and soil depth for the Cedar Creek West field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.80 
 
-0.34 
 
0.43 
 
0.54 
 
0.13 
 
0.19 
 
0.22 
 
0.03 
 
-0.19 
 
-0.09 
 
0.02 
 
SS 23-46 <.0001 49 
1 
 
-0.15 
 
0.34 
 
0.66 
 
0.18 
 
0.27 
 
0.39 
 
0.12 
 
-0.18 
 
0.08 
 
0.10 
 
VM 23-46 0.0320 41 
0.3629 
41 
1 
 
-0.39 
 
-0.15 
 
0.32 
 
-0.37 
 
-0.25 
 
0.19 
 
-0.24 
 
-0.18 
 
0.39 
 
TS 46-69 0.0019 49 
0.0177 
49 
-0.0106
41 
1 
 
0.62 
 
-0.20 
 
0.38 
 
0.40 
 
0.19 
 
-0.01 
 
0.15 
 
-0.04 
 
SS 46-69 <.0001 49 
<.0001 
49 
0.3485
41 
<.0001
49 
1 
 
0.44 
 
0.42 
 
0.64 
 
0.40 
 
-0.02 
 
0.26 
 
0.21 
 
VM 46-69 0.4180 39 
0.2774 
39 
0.0465
39 
0.2142
39 
0.0052
39 
1 
 
0.01 
 
0.25 
 
0.37 
 
-0.09 
 
0.03 
 
0.39 
 
TS 69-91 0.2007 49 
0.0640 
49 
0.0161
41 
0.0076
49 
0.0029
49 
0.9875
39 
1 
 
0.75 
 
0.27 
 
0.52 
 
0.63 
 
0.28 
 
SS 69-91 0.1389 48 
0.0061 
48 
0.1239
40 
0.0052
48 
<.0001
48 
0.1331
38 
<.0001 
48 
1 
 
0.64 
 
0.37 
 
0.60 
 
0.30 
 
VM 69-91 0.8488 37 
0.4621 
37 
0.2537
37 
0.2575
37 
0.0150
37 
0.0241
37 
0.1088 
37 
<.0001
37 
1 
 
0.26 
 
0.38 
 
0.55 
 
TS 91-114 0.2020 48 
0.2154 
48 
0.1341
40 
0.9396
48 
0.8684
48 
0.5982
38 
0.0001 
48 
0.0094
48 
0.1136
37 
1 
 
0.81 
 
0.20 
 
SS 91-114 0.5423 48 
0.5716 
48 
0.2718
40 
0.3043
48 
0.0758
48 
0.8566
38 
<.0001 
48 
<.0001
48 
0.0208
37 
<.0001
48 
1 
 
0.36 
 
VM 91-114 0.8886 37 
0.5664 
37 
0.0182
37 
0.8285
37 
0.2014
37 
0.0161
37 
0.0991 
37 
0.0733
37 
0.0005
36 
0.2439
37 
0.0283
37 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.22. Correlation of cone penetrometer data collected in 2008 by variable and soil depth for the Cedar Creek West field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.73 
 
. 
. 
0.53 
 
0.41 
 
. 
. 
0.22 
 
0.12 
 
. 
. 
-0.15 
 
-0.17 
 
. 
. 
SS 23-46 
<.0001 
59 
1 
 
. 
. 
0.37 
 
0.43 
 
. 
. 
0.26 
 
0.30 
 
. 
. 
0.05 
 
0.02 
 
. 
. 
VM 23-46 . . 
. 
. 
.
.
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
TS 46-69 
<.0001 
59 
0.0037 
59 
. 
. 
1 
 
0.90 
 
. 
. 
0.61 
 
0.56 
 
. 
. 
0.18 
 
0.23 
 
. 
. 
SS 46-69 
0.0011 
59 
0.0007 
59 
. 
. 
<.0001 
59 
1 
 
. 
. 
0.59 
 
0.62 
 
. 
. 
0.27 
 
0.34 
 
. 
. 
VM 46-69 . . 
. 
. 
. 
. 
. 
. 
. 
. 
.
.
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
TS 69-91 
0.0933 
59 
0.0426 
59 
. 
. 
<.0001 
59 
<.0001 
59 
. 
. 
1 
 
0.91 
 
. 
. 
0.50 
 
0.55 
 
. 
. 
SS 69-91 
0.3816 
59 
0.0192 
59 
. 
. 
<.0001 
59 
<.0001 
59 
. 
. 
<.0001 
59 
1 
 
. 
. 
0.55 
 
0.63 
 
. 
. 
VM 69-91 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
.
.
. 
. 
. 
. 
. 
. 
TS 91-114 
0.2435 
59 
0.6914 
59 
. 
. 
0.1769 
59 
0.0420 
59 
. 
. 
<.0001 
59 
<.0001 
59 
. 
. 
1 
 
0.94 
 
. 
. 
SS 91-114 
0.2073 
59 
0.8995 
59 
. 
. 
0.0825 
59 
0.0093 
59 
. 
. 
<.0001 
59 
<.0001 
59 
. 
. 
<.0001 
59 
1 
 
. 
. 
VM 91-114 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
.
.
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.23. Correlation of cone penetrometer data collected in 2006 by variable and soil depth for the Cedar Creek East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.66 
 
-0.54 
 
0.56 
 
0.51 
 
-0.20 
 
0.10 
 
0.22 
 
0.06 
 
0.02 
 
0.08 
 
0.04 
 
SS 23-46 <.0001 83 
1 
 
-0.20 
 
0.50 
 
0.55 
 
-0.28 
 
0.02 
 
0.15 
 
0.04 
 
0.08 
 
0.09 
 
-0.03 
 
VM 23-46 <.0001 83 
0.0706 
83 
1 
 
-0.16 
 
-0.24 
 
0.24 
 
-0.02 
 
-0.11 
 
0.07 
 
-0.01 
 
-0.03 
 
-0.01 
 
TS 46-69 <.0001 83 
<.0001 
83 
0.1572
83 
1 
 
0.87 
 
-0.33 
 
0.51 
 
0.51 
 
-0.31 
 
0.24 
 
0.26 
 
-0.13 
 
SS 46-69 <.0001 83 
<.0001 
83 
0.0306
83 
<.0001
83 
1 
 
-0.22 
 
0.36 
 
0.57 
 
-0.18 
 
0.21 
 
0.30 
 
-0.11 
 
VM 46-69 0.0660 83 
0.0097 
83 
0.0309
83 
0.0021
83 
0.0489
83 
1 
 
-0.23 
 
-0.18 
 
0.43 
 
-0.20 
 
-0.05 
 
0.24 
 
TS 69-91 0.3835 83 
0.8333 
83 
0.8503
83 
<.0001
83 
0.0009
83 
0.0395
83 
1 
 
0.76 
 
-0.68 
 
0.51 
 
0.56 
 
-0.42 
 
SS 69-91 0.0457 83 
0.1692 
83 
0.3229
83 
<.0001
83 
<.0001
83 
0.1061
83 
<.0001 
83 
1 
 
-0.41 
 
0.44 
 
0.67 
 
-0.31 
 
VM 69-91 0.6169 82 
0.7508 
82 
0.5404
82 
0.0053
82 
0.1136
82 
<.0001
82 
<.0001 
82 
0.0001
82 
1 
 
-0.27 
 
-0.24 
 
0.51 
 
TS 91-114 0.8645 82 
0.4836 
82 
0.9950
82 
0.0288
82 
0.0635
82 
0.0735
82 
<.0001 
82 
<.0001
82 
0.0124
82 
1 
 
0.80 
 
-0.75 
 
SS 91-114 0.4957 82 
0.4176 
82 
0.7798
82 
0.0200
82 
0.0066
82 
0.6392
82 
<.0001 
82 
<.0001
82 
0.0288
82 
<.0001
82 
1 
 
-0.51 
 
VM 91-114 0.6900 82 
0.7566 
82 
0.9773
82 
0.2632
82 
0.3288
82 
0.0329
82 
<.0001 
82 
0.0049
82 
<.0001
82 
<.0001
82 
<.0001
82 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.24. Correlation of cone penetrometer data collected in 2008 by variable and soil depth for the Cedar Creek East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.75 
 
. 
. 
0.35 
 
0.32 
 
. 
. 
-0.03 
 
0.02 
 
. 
. 
-0.15 
 
-0.17 
 
. 
. 
SS 23-46 
<.0001 
75 
1 
 
. 
. 
0.46 
 
0.50 
 
. 
. 
-0.03 
 
0.09 
 
. 
. 
-0.20 
 
-0.20 
 
. 
. 
VM 23-46 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
TS 46-69 
0.0021 
75 
<.0001 
75 
. 
. 
1 
 
0.87 
 
. 
. 
0.27 
 
0.48 
 
. 
. 
-0.04 
 
-0.03 
 
. 
. 
SS 46-69 
0.0047 
75 
<.0001 
75 
. 
. 
<.0001 
75 
1 
 
. 
. 
0.21 
 
0.48 
 
. 
. 
-0.03 
 
0.02 
 
. 
. 
VM 46-69 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
TS 69-91 
0.7941 
75 
0.8052 
75 
. 
. 
0.0210 
75 
0.0646 
75 
. 
. 
1 
 
0.82 
 
. 
. 
0.55 
 
0.34 
 
. 
. 
SS 69-91 
0.8638 
75 
0.4514 
75 
. 
. 
<.0001 
75 
<.0001 
75 
. 
. 
<.0001 
75 
1 
 
. 
. 
0.49 
 
0.46 
 
. 
. 
VM 69-91 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
TS 91-114 
0.1905 
75 
0.0818 
75 
. 
. 
0.7186 
75 
0.8031 
75 
. 
. 
<.0001 
75 
<.0001 
75 
. 
. 
1 
 
0.92 
 
. 
. 
SS 91-114 
0.1473 
75 
0.0845 
75 
. 
. 
0.7995 
75 
0.8472 
75 
. 
. 
0.0024 
75 
<.0001 
75 
. 
. 
<.0001 
75 
1 
 
. 
. 
VM 91-114 . . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.25. Correlation of cone penetrometer data collected in 2011 by variable and soil depth for the Cedar Creek East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.73 
 
-0.74 
 
0.70 
 
0.49 
 
-0.53 
 
0.19 
 
0.19 
 
-0.10 
 
-0.01 
 
-0.08 
 
-0.07 
 
SS 23-46 <.0001 59 
1 
 
-0.27 
 
0.54 
 
0.69 
 
-0.26 
 
0.30 
 
0.39 
 
-0.09 
 
0.11 
 
0.04 
 
-0.07 
 
VM 23-46 <.0001 59 
0.0381 
59 
1 
 
-0.44 
 
-0.12 
 
0.53 
 
-0.03 
 
0.03 
 
0.17 
 
0.13 
 
0.10 
 
-0.09 
 
TS 46-69 <.0001 59 
<.0001 
59 
0.0005
59 
1 
 
0.68 
 
-0.69 
 
0.48 
 
0.42 
 
-0.31 
 
0.20 
 
0.14 
 
-0.20 
 
SS 46-69 <.0001 59 
<.0001 
59 
0.3595
59 
<.0001
59 
1 
 
-0.26 
 
0.58 
 
0.68 
 
-0.23 
 
0.40 
 
0.37 
 
-0.27 
 
VM 46-69 <.0001 58 
0.0479 
58 
<.0001
58 
<.0001
58 
0.0499
58 
1 
 
-0.33 
 
-0.28 
 
0.42 
 
-0.03 
 
-0.13 
 
0.05 
 
TS 69-91 0.1472 59 
0.0197 
59 
0.8487
59 
0.0001
59 
<.0001
59 
0.0113
58 
1 
 
0.85 
 
-0.69 
 
0.62 
 
0.53 
 
-0.32 
 
SS 69-91 0.1467 59 
0.0025 
59 
0.8455
59 
0.0009
59 
<.0001
59 
0.0324
58 
<.0001 
59 
1 
 
-0.38 
 
0.59 
 
0.72 
 
-0.21 
 
VM 69-91 0.4722 59 
0.5128 
59 
0.2055
59 
0.0166
59 
0.0813
59 
0.0011
58 
<.0001 
59 
0.0027
59 
1 
 
-0.22 
 
-0.11 
 
0.30 
 
TS 91-114 0.9635 59 
0.4014 
59 
0.3141
59 
0.1302
59 
0.0018
59 
0.8389
58 
<.0001 
59 
<.0001
59 
0.0888
59 
1 
 
0.74 
 
-0.61 
 
SS 91-114 0.5400 59 
0.7616 
59 
0.4466
59 
0.2908
59 
0.0040
59 
0.3131
58 
<.0001 
59 
<.0001
59 
0.4058
59 
<.0001
59 
1 
 
-0.23 
 
VM 91-114 0.6163 59 
0.6016 
59 
0.5088
59 
0.1319
59 
0.0388
59 
0.7092
58 
0.0142 
59 
0.1052
59 
0.0194
59 
<.0001
59 
0.0825
59 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.26. Correlation of cone penetrometer data collected in 2005 by variable and soil depth for the Lewis Undisturbed field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1 0.79  
-0.64 
 
0.62 
 
0.58 
 
-0.55 
 
0.60 
 
0.47 
 
-0.46 
 
0.41 
 
0.53 
 
-0.26 
 
SS 23-46 
<.0001 
50 
1 -0.24 
 
0.40 
 
0.55 
 
-0.28 
 
0.45 
 
0.33 
 
-0.55 
 
0.33 
 
0.39 
 
-0.28 
 
VM 23-46 
<.0001 
50 
0.0945 
50 
1 -0.57 
 
-0.47 
 
0.59 
 
-0.45 
 
-0.60 
 
0.16 
 
-0.41 
 
-0.58 
 
0.03 
 
TS 46-69 
<.0001 
50 
0.0042 
50 
<.0001 
50 
1 0.71 
 
-0.88 
 
0.51 
 
0.58 
 
-0.36 
 
0.34 
 
0.65 
 
-0.03 
 
SS 46-69 
<.0001 
50 
<.0001 
50 
0.0005 
50 
<.0001 
50 
1 -0.57 
 
0.31 
 
0.74 
 
-0.22 
 
0.48 
 
0.64 
 
-0.18 
 
VM 46-69 
<.0001 
50 
0.0471 
50 
<.0001 
50 
<.0001 
50 
<.0001 
50 
1 -0.41 
 
-0.47 
 
0.44 
 
-0.33 
 
-0.51 
 
0.15 
 
TS 69-91 
<.0001 
50 
0.0010 
50 
0.0011 
50 
0.0002 
50 
0.0261 
50 
0.0028 
50 
1 0.38 
 
-0.63 
 
0.55 
 
0.46 
 
-0.26 
 
SS 69-91 
0.0006 
50 
0.0191 
50 
<.0001 
50 
<.0001 
50 
<.0001 
50 
0.0006 
50 
0.0070 
50 
1 -0.01 
 
0.59 
 
0.80 
 
-0.12 
 
VM 69-91 
0.0008 
50 
<.0001 
50 
0.2752 
50 
0.0096 
50 
0.1205 
50 
0.0013 
50 
<.0001 
50 
0.9220 
50 
1 -0.37 
 
-0.13 
 
0.53 
 
TS 91-114 
0.0033 
50 
0.0212 
50 
0.0033 
50 
0.0157 
50 
0.0004 
50 
0.0205 
50 
<.0001 
50 
<.0001 
50 
0.0083 
50 
1 0.59 
 
-0.62 
 
SS 91-114 
<.0001 
50 
0.0050 
50 
<.0001 
50 
<.0001 
50 
<.0001 
50 
0.0001 
50 
0.0008 
50 
<.0001 
50 
0.3566 
50 
<.0001 
50 
1 0.06 
 
VM 91-114 
0.0715 
50 
0.0513 
50 
0.8094 
50 
0.8271 
50 
0.2013 
50 
0.2932 
50 
0.0696 
50 
0.4066 
50 
<.0001 
50 
<.0001 
50 
0.6985 
50 
1 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.27. Correlation of cone penetrometer data collected in 2006 by variable and soil depth for the Lewis West field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.28 
 
-0.73 
 
0.60 
 
0.13 
 
-0.53 
 
0.18 
 
-0.12 
 
-0.38 
 
0.08 
 
-0.24 
 
-0.14 
 
SS 23-46 0.0215 69 
1 
 
0.13 
 
0.41 
 
0.86 
 
-0.19 
 
0.10 
 
0.64 
 
-0.18 
 
-0.03 
 
0.49 
 
-0.11 
 
VM 23-46 <.0001 69 
0.2888 
69 
1 
 
-0.33 
 
0.17 
 
0.50 
 
-0.05 
 
0.32 
 
0.26 
 
-0.05 
 
0.30 
 
0.07 
 
TS 46-69 <.0001 69 
0.0005 
69 
0.0063
69 
1 
 
0.57 
 
-0.71 
 
0.46 
 
0.29 
 
-0.43 
 
0.24 
 
0.06 
 
-0.20 
 
SS 46-69 0.3019 66 
<.0001 
66 
0.1637
66 
<.0001
66 
1 
 
-0.22 
 
0.25 
 
0.79 
 
-0.19 
 
0.08 
 
0.58 
 
-0.14 
 
VM 46-69 <.0001 69 
0.1208 
69 
<.0001
69 
<.0001
69 
0.0802
66 
1 
 
-0.24 
 
-0.06 
 
0.49 
 
-0.15 
 
0.01 
 
0.29 
 
TS 69-91 0.1359 69 
0.4375 
69 
0.7018
69 
<.0001
69 
0.0401
66 
0.0507
69 
1 
 
0.49 
 
-0.61 
 
0.73 
 
0.40 
 
-0.53 
 
SS 69-91 0.3308 66 
<.0001 
66 
0.0083
66 
0.0171
66 
<.0001
65 
0.6431
66 
<.0001 
66 
1 
 
-0.26 
 
0.32 
 
0.87 
 
-0.32 
 
VM 69-91 0.0011 69 
0.1358 
69 
0.0325
69 
0.0002
69 
0.1297
66 
<.0001
69 
<.0001 
69 
0.0344
66 
1 
 
-0.32 
 
-0.16 
 
0.57 
 
TS 91-114 0.5334 69 
0.7845 
69 
0.6887
69 
0.0505
69 
0.5237
66 
0.2088
69 
<.0001 
69 
0.0078
66 
0.0080
69 
1 
 
0.49 
 
-0.73 
 
SS 91-114 0.0630 63 
<.0001 
63 
0.0170
63 
0.6440
63 
<.0001
62 
0.9177
63 
0.0013 
63 
<.0001
62 
0.2218
63 
<.0001
63 
1 
 
-0.44 
 
VM 91-114 0.2601 69 
0.3522 
69 
0.5536
69 
0.1037
69 
0.2723
66 
0.0152
69 
<.0001 
69 
0.0095
66 
<.0001
69 
<.0001
69 
0.0003
63 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.28. Correlation of cone penetrometer data collected in 2007 by variable and soil depth for the Lewis West field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.86 
 
-0.44 
 
0.43 
 
0.58 
 
-0.20 
 
0.13 
 
0.14 
 
0.19 
 
0.18 
 
0.07 
 
-0.06 
 
SS 23-46 
<.0001 
62 
1 
 
-0.15 
 
0.39 
 
0.56 
 
-0.12 
 
0.17 
 
0.15 
 
0.19 
 
0.23 
 
0.07 
 
-0.14 
 
VM 23-46 
0.0003 
62 
0.2379 
62 
1 
 
-0.30 
 
-0.37 
 
0.33 
 
-0.14 
 
-0.20 
 
-0.17 
 
-0.10 
 
-0.08 
 
-0.15 
 
TS 46-69 
0.0004 
62 
0.0019 
62 
0.0186 
62 
1 
 
0.83 
 
-0.70 
 
0.76 
 
0.71 
 
-0.17 
 
0.47 
 
0.43 
 
0.02 
 
SS 46-69 
<.0001 
62 
<.0001 
62 
0.0030 
62 
<.0001 
62 
1 
 
-0.42 
 
0.58 
 
0.70 
 
0.05 
 
0.53 
 
0.51 
 
-0.05 
 
VM 46-69 
0.1207 
62 
0.3647 
62 
0.0097 
62 
<.0001 
62 
0.0008 
62 
1 
 
-0.47 
 
-0.36 
 
0.46 
 
-0.23 
 
-0.18 
 
0.13 
 
TS 69-91 
0.2988 
62 
0.1840 
62 
0.2917 
62 
<.0001 
62 
<.0001 
62 
0.0001 
62 
1 
 
0.86 
 
-0.16 
 
0.63 
 
0.59 
 
-0.06 
 
SS 69-91 
0.2612 
62 
0.2535 
62 
0.1198 
62 
<.0001 
62 
<.0001 
62 
0.0041 
62 
<.0001 
62 
1 
 
-0.01 
 
0.66 
 
0.75 
 
-0.05 
 
VM 69-91 
0.1399 
62 
0.1445 
62 
0.1886 
62 
0.1816 
62 
0.7195 
62 
0.0002 
62 
0.2203 
62 
0.9782 
62 
1 
 
0.01 
 
-0.01 
 
0.41 
 
TS 91-114 
0.1682 
62 
0.0685 
62 
0.4196 
62 
0.0001 
62 
<.0001 
62 
0.0783 
62 
<.0001 
62 
<.0001 
62 
0.9554 
62 
1 
 
0.86 
 
-0.34 
 
SS 91-114 
0.6019 
62 
0.6094 
62 
0.5136 
62 
0.0005 
62 
<.0001 
62 
0.1612 
62 
<.0001 
62 
<.0001 
62 
0.9979 
62 
<.0001 
62 
1 
 
-0.25 
 
VM 91-114 
0.6553 
62 
0.2927 
62 
0.2359 
62 
0.8980 
62 
0.6807 
62 
0.3127 
62 
0.6600 
62 
0.7076 
62 
0.0009 
62 
0.0064 
62 
0.0517 
62 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.29. Correlation of cone penetrometer data collected in 2005 by variable and soil depth for the Lewis East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.61 
 
-0.39 
 
0.73 
 
0.58 
 
-0.42 
 
0.68 
 
0.43 
 
-0.32 
 
0.39 
 
0.35 
 
-0.04 
 
SS 23-46 
<.0001 
55 
1 
 
0.26 
 
0.53 
 
0.57 
 
-0.22 
 
0.44 
 
0.27 
 
-0.18 
 
0.35 
 
0.25 
 
-0.15 
 
VM 23-46 
0.0029 
55 
0.0532 
55 
1 
 
-0.31 
 
-0.18 
 
0.46 
 
-0.32 
 
-0.23 
 
0.32 
 
-0.11 
 
-0.22 
 
-0.07 
 
TS 46-69 
<.0001 
55 
<.0001 
55 
0.0216 
55 
1 
 
0.71 
 
-0.63 
 
0.73 
 
0.49 
 
-0.28 
 
0.34 
 
0.34 
 
0.04 
 
SS 46-69 
<.0001 
55 
<.0001 
55 
0.2012 
55 
<.0001 
55 
1 
 
-0.23 
 
0.74 
 
0.75 
 
-0.07 
 
0.48 
 
0.48 
 
0.02 
 
VM 46-69 
0.0013 
55 
0.1112 
55 
0.0004 
55 
<.0001 
55 
0.0914 
55 
1 
 
-0.29 
 
-0.15 
 
0.46 
 
-0.10 
 
-0.15 
 
0.11 
 
TS 69-91 
<.0001 
55 
0.0008 
55 
0.0160 
55 
<.0001 
55 
<.0001 
55 
0.0297 
55 
1 
 
0.75 
 
-0.36 
 
0.55 
 
0.53 
 
-0.11 
 
SS 69-91 
0.0010 
55 
0.0492 
55 
0.0911 
55 
0.0001 
55 
<.0001 
55 
0.2797 
55 
<.0001 
55 
1 
 
0.03 
 
0.60 
 
0.61 
 
-0.09 
 
VM 69-91 
0.0177 
55 
0.1862 
55 
0.0179 
55 
0.0350 
55 
0.6211 
55 
0.0004 
55 
0.0063 
55 
0.8078 
55 
1 
 
-0.13 
 
-0.14 
 
0.46 
 
TS 91-114 
0.0031 
55 
0.0095 
55 
0.4411 
55 
0.0110 
55 
0.0002 
55 
0.4812 
55 
<.0001 
55 
<.0001 
55 
0.3602 
55 
1 
 
0.95 
 
-0.36 
 
SS 91-114 
0.0083 
55 
0.0605 
55 
0.1025 
55 
0.0121 
55 
0.0002 
55 
0.2794 
55 
<.0001 
55 
<.0001 
55 
0.3061 
55 
<.0001 
55 
1 
 
-0.27 
 
VM 91-114 
0.7910 
55 
0.2675 
55 
0.6031 
55 
0.7457 
55 
0.8714 
55 
0.4145 
55 
0.4078 
55 
0.5183 
55 
0.0005 
55 
0.0076 
55 
0.0422 
55 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
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Table 2.30. Correlation of cone penetrometer data collected in 2006 by variable and soil depth for the Lewis East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.77 
 
-0.80 
 
0.51 
 
0.54 
 
-0.50 
 
0.32 
 
0.45 
 
-0.18 
 
0.31 
 
0.13 
 
-0.22 
 
SS 23-46 <.0001 59 
1 
 
-0.55 
 
0.29 
 
0.66 
 
-0.26 
 
0.20 
 
0.54 
 
-0.13 
 
0.29 
 
0.36 
 
-0.29 
 
VM 23-46 <.0001 59 
<.0001 
59 
1 
 
-0.45 
 
-0.49 
 
0.56 
 
-0.26 
 
-0.42 
 
0.21 
 
-0.38 
 
-0.16 
 
0.26 
 
TS 46-69 <.0001 59 
0.0274 
59 
0.0003
59 
1 
 
0.62 
 
-0.74 
 
0.57 
 
0.48 
 
-0.19 
 
0.40 
 
-0.08 
 
0.02 
 
SS 46-69 <.0001 49 
<.0001 
49 
0.0004
49 
<.0001
49 
1 
 
-0.49 
 
0.37 
 
0.83 
 
-0.20 
 
0.38 
 
0.43 
 
-0.16 
 
VM 46-69 <.0001 59 
0.0466 
59 
<.0001
59 
<.0001
59 
0.0004
49 
1 
 
-0.45 
 
-0.37 
 
0.38 
 
-0.27 
 
0.08 
 
0.04 
 
TS 69-91 0.0131 59 
0.1332 
59 
0.0468
59 
<.0001
59 
0.0085
49 
0.0004
59 
1 
 
0.58 
 
-0.70 
 
0.36 
 
0.05 
 
-0.04 
 
SS 69-91 0.0020 45 
0.0002 
45 
0.0043
45 
0.0010
45 
<.0001
45 
0.0126
45 
<.0001 
45 
1 
 
-0.42 
 
0.33 
 
0.50 
 
-0.17 
 
VM 69-91 0.1653 59 
0.3371 
59 
0.1056
59 
0.1456
59 
0.1646
49 
0.0032
59 
<.0001 
59 
0.0045
45 
1 
 
-0.13 
 
-0.08 
 
0.36 
 
TS 91-114 0.0157 59 
0.0249 
59 
0.0034
59 
0.0018
59 
0.0064
49 
0.0385
59 
0.0049 
59 
0.0288
45 
0.3303
59 
1 
 
0.69 
 
-0.34 
 
SS 91-114 0.4600 37 
0.0273 
37 
0.3378
37 
0.6589
37 
0.0083
37 
0.6418
37 
0.7654 
37 
0.0016
37 
0.6281
37 
<.0001
37 
1 
 
-0.27 
 
VM 91-114 0.1018 59 
0.0263 
59 
0.0484
59 
0.9045
59 
0.2695
49 
0.7716
59 
0.7803 
59 
0.2745
45 
0.0050
59 
0.0076
59 
0.1127
37 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
  
90
Table 2.31. Correlation of cone penetrometer data collected in 2007 by variable and soil depth for the Lewis East field.† 
Variable TS SS VM TS SS VM TS SS VM TS SS VM 
Depth (cm) 23-46 46-69 69-91 91-114 
TS 23-46 1  
0.66 
 
-0.59 
 
0.70 
 
0.74 
 
-0.32 
 
0.42 
 
0.48 
 
0.19 
 
0.22 
 
0.25 
 
0.36 
 
SS 23-46 <.0001 87 
1 
 
0.01 
 
0.40 
 
0.61 
 
0.05 
 
0.36 
 
0.41 
 
0.19 
 
0.31 
 
0.32 
 
0.23 
 
VM 23-46 <.0001 86 
0.9889 
86 
1 
 
-0.44 
 
-0.37 
 
0.57 
 
-0.18 
 
-0.25 
 
-0.05 
 
-0.02 
 
-0.10 
 
-0.27 
 
TS 46-69 <.0001 87 
0.0001 
87 
<.0001
86 
1 
 
0.80 
 
-0.50 
 
0.66 
 
0.69 
 
0.08 
 
0.32 
 
0.35 
 
0.27 
 
SS 46-69 <.0001 87 
<.0001 
87 
0.0004
86 
<.0001
87 
1 
 
-0.18 
 
0.62 
 
0.76 
 
0.25 
 
0.38 
 
0.42 
 
0.37 
 
VM 46-69 0.0026 86 
0.6714 
86 
<.0001
86 
<.0001
86 
0.1030
86 
1 
 
-0.14 
 
-0.10 
 
0.39 
 
0.04 
 
0.01 
 
0.04 
 
TS 69-91 <.0001 87 
0.0007 
87 
0.0941
86 
<.0001
87 
<.0001
87 
0.1899
86 
1 
 
0.87 
 
-0.04 
 
0.67 
 
0.68 
 
0.15 
 
SS 69-91 <.0001 87 
<.0001 
87 
0.0204
86 
<.0001
87 
<.0001
87 
0.3722
86 
<.0001 
87 
1 
 
0.25 
 
0.54 
 
0.58 
 
0.30 
 
VM 69-91 0.0721 86 
0.0867 
86 
0.6476
86 
0.4395
86 
0.0194
86 
0.0002
86 
0.7351 
86 
0.0203
86 
1 
 
-0.07 
 
-0.05 
 
0.50 
 
TS 91-114 0.0402 87 
0.0031 
87 
0.8485
86 
0.0022
87 
0.0003
87 
0.6907
86 
<.0001 
87 
<.0001
87 
0.4926
86 
1 
 
0.93 
 
-0.06 
 
SS 91-114 0.0212 87 
0.0028 
87 
0.3566
86 
0.0009
87 
<.0001
87 
0.9554
86 
<.0001 
87 
<.0001
87 
0.6475
86 
<.0001
87 
1 
 
0.01 
 
VM 91-114 0.0007 86 
0.0342 
86 
0.0130
86 
0.0127
86 
0.0005
86 
0.7074
86 
0.1648 
86 
0.0053
86 
<.0001
86 
0.5648
86 
0.9292
86 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
 
 Table 2.32. Descriptive statistics for 15.2 cm soil fertility samples collected on the Lewis Mine site in spring 2008. 
Measurement Phosphorus Potassium Calcium Organic Matter Sulfur CEC 
kg ha-1 % ppm meq 100g  
Field East 
Number of obs. 87 87 87 87 87 87 
Range 32.4 - 207.7 144.1 - 262.5 2619.2 - 5094.1 2.0 - 3.8 7.0 - 36.3 9.3 - 19.7 
Mean 79.44 198.29 3812.53 2.91 11.85 11.95 
Median 71.85 192.79 3794.76 2.60 10.70 11.70 
CV 37.33 14.90 13.23 21.96 41.36 13.26 
Variance 879.65 872.48 254302.99 0.41 24.02 2.51 
Skewness 2.21 0.36 0.52 0.56 3.07 1.74 
 West 
Number of obs. 62 62 62 62 62 62 
Range 41.7 - 109.1 146.4 - 226.0 2598.6 - 4722.8 2.0 - 2.9 7.5 - 113.0 8.7 - 14.5 
Mean 70.85 178.14 3534.30 2.55 13.89 11.37 
Median 67.36 175.75 3464.78 2.60 11.85 11.50 
CV 20.85 10.53 12.36 6.94 96.41 9.28 
Variance 218.15 351.96 190818.61 0.03 179.25 1.11 91
Skewness 0.37 0.50 0.48 -0.57 6.91 0.14 
 Undisturbed 
Number of obs. 50 50 50 50 50 50 
Range 34.1 - 138.0 116.0 - 254.0 2536.7 - 3959.7 2.3 - 3.2 5.2 - 11.7 9.3 - 13.0 
Mean 60.46 152.19 3115.41 2.96 8.14 11.23 
Median 51.56 145.37 3041.99 3.00 8.25 11.10 
CV 38.62 18.14 11.38 6.16 15.64 7.23 
Variance 545.29 762.03 125715.51 0.03 1.62 0.66 
Skewness 1.42 1.47 0.61 -1.25 0.09 0.12 
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Table 2.33. Descriptive statistics for apparent electrical conductivity (ECa), elevation, and elevation derivatives measured on each field. 
 Field 
Measurement Cannelburg Wildcat Hills C. Stockpile C. North C. West C. East Lewis W. Lewis E. 
ECa - 60 - - 107 200 99 166 
Mean (mS m-1)  - 62.93 - - 75.99 78.21 71.51 69.83 
Variance - 19.38 - - 59.43 26.41 13.34 17.89 
Range - 19.29 - - 30.20 27.81 14.54 21.40 
Elevation - Points 92 - 17 57 108 217 131 146 
Mean (m)  161.06 - 180.03 193.76 192.30 193.78 167.28 169.37 
Variance 22.36 - 3.01 5.48 7.25 6.18 13.57 10.79 
Range 15.48 - 5.95 11.40 10.93 14.02 14.72 14.82 
Elevation - ECa 92 60 - - 107 200 99 166 
Mean (m) 166.39 127.01 - - 196.91 198.28 170.11 171.64 
Variance 9.93 4.28 - - 1.35 1.01 5.86 2.31 
Range 11.89 8.86 - - 4.94 4.76 15.78 8.46 
Slope 92 61 - - 108 217 131 201 
Mean (%) 3.56 3.65 - - 2.51 2.36 2.27 1.93 
Variance 0.90 7.07 - - 1.35 1.34 25.11 2.48 
Range 5.08 8.81 - - 5.06 5.53 42.52 12.84 
Profile Curvature 92 61 - - 108 217 131 201 
Mean (km-1) 0.014 -0.001 - - -0.001 -0.008 0.005 -0.005 
Variance 0.007 0.033 - - 0.009 0.005 0.043 0.009 
Range 0.407 1.042 - - 0.625 0.357 3.177 1.259 
Plan Curvature 92 61 - - 108 217 131 201 
Mean (km-1) 0.008 0.014 - - -0.006 0.015 -0.011 0.005 
Variance 0.003 0.019 - - 0.006 0.003 0.039 0.004 
Range 0.372 0.891 - - 0.489 0.282 3.00 0.767 
TWI 92 61 - - 108 217 131 201 
Mean 5.21 4.83 - - 5.26 5.15 5.62 5.68 
Variance 0.43 0.69 - - 0.395 0.21 0.54 0.54 
Range 2.94 3.26 - - 3.39 2.58 4.50 4.15 
SPI 92 61 - - 108 217 131 201 
Mean 0.23 0.11 - - 0.18 0.09 0.10 0.12 
Variance 0.02 0.01 - - 0.01 0.01 0.01 0.01 
Range 0.69 0.30 - - 0.53 0.45 0.45 0.41 
 Table 2.34. Descriptive analysis of crop yield for each field and year combination.†   
Field Crop Method Number Moisture Range Mean Variance 
Cannelburg        
2005 Corn By-hand 4172 - 0.63-15.69 5.45 5.54 
2006 Soybean Yield E. 4013 12.65 0.67-5.38 2.85 0.49 
Wildcat Hills        
2006 
Wes
Wheat Yield E. 3715 12.48 0.34-5.72 2.86 0.47 
Cedar  t
i
t
       
2006 Corn Yield E. 5853 12.48 1.07-11.74 6.65 3.41 
2007 Soybean By-hand 4058 11.14 0.67-3.63 1.67 0.29 
2008 
r East
Wheat By-hand 5496 13.77 0.67-6.05 3.60 0.93 
Ceda          
2006 Corn Yield E. 5327 12.92 1.57-10.42 6.11 2.16 
2007 Soybean By-hand 4624 10.87 0.67-3.63 1.68 0.24 
2008 
nd
Wheat By-hand 6148 12.6 1.01-6.32 3.88 0.88 
Lewis U  st.        
2005 Soybean Yield E. 3892 11.97 2.35-5.31 4.02 0.17 
2006 
Wes
Corn Yield E. 4092 19.41 6.15-15.19 10.67 1.37 93
Lewis         
2005 Soybean Yield E. 8294 11.59 1.41-5.25 3.41 0.30 
2006 Corn Yield E. 9317 19.81 2.89-12.99 8.28 2.20 
2007 Soybean Yield E. 8103 11 0.87-5.25 2.99 0.53 
2008 Corn By-hand 14379 25.5 1.26-15.69 7.54 6.05 
2009 
s East
Soybean By-hand 9013 10.1 0.67-5.65 2.07 0.49 
Lewi          
2005 Soybean Yield E. 10542 12.66 1.55-5.72 3.97 0.34 
2006 Corn Yield E. 12190 18.77 4.96-13.68 9.55 1.43 
2007 Soybean Yield E. 9029 10.87 1.01-5.25 3.19 0.40 
2008 Corn By-hand 17796 25.18 0.94-15.38 7.04 4.28 
2009 Soybean By-hand 8383 9.54 0.20-5.04 0.73 0.13 
† Range and mean values are expressed in Mg ha-1.   
 
 Table 2.35. Soil spectrophotometer descriptive statistics for penetration resistance (Force) and electrical conductivity (EC).    
EC (mS m-1)  Force (MPa) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Field Cedar 
Number of obs. 63 61 59 49 63 61 59 49 
Range 2.76 - 13.50 2.63 - 16.96 1.14 - 19.32 0.42 - 23.85 16.8 - 88.0 14.9 - 94.6 28.3 - 109.7 28.7 - 110.0 
Mean 5.93 7.45 8.25 8.11 46 57 62 63 
Median 5.42 7.33 8.40 7.83 47 56 61 63 
CV 33 32 36 46 34 33 29 29 
Skewness 1.53 1.01 0.72 1.50 0.47 0.08 0.43 0.41 
Field Cedar West 
Number of obs. 66 68 66 46 66 68 66 46 
Range 3.01 - 9.52 3.00 - 13.49 2.84 - 22.31 2.11 - 20.51 11.0 - 81.8 23.8 - 86.8 14.4 - 94.6 14.1 - 91.6 
Mean 5.54 7.26 7.86 7.47 50 57 58 57 
Median 5.52 7.17 7.51 7.40 51 58 62 58 
CV 24 27 36 43 28 28 30 33 
Skewness 0.29 0.27 1.97 1.73 -0.66 -0.18 -0.48 -0.40 
Field Lewis 94
Number of obs. 67 66 65 40 67 66 65 40 
Range 5.22 - 26.88 3.60 - 23.82 3.66 - 14.59 3.00 - 12.26 10.7 - 52.7 16.6 - 57.5 21.6 - 61.4 22.3 - 63.2 
Mean 12.75 10.03 8.02 7.00 30 36 40 40 
Median 10.97 8.91 7.56 6.77 28 37 40 40 
CV 50 43 32 34 33 28 24 24 
Skewness 0.86 1.30 0.22 0.32 0.56 -0.08 0.31 0.51 
Field Lewis West 
Number of obs. 61 59 57 32 61 59 57 32 
Range 3.61 - 22.11 2.70 - 26.88 2.23 - 19.58 1.85 - 19.16 15.7 - 59.2 17.6 - 63.6 17.4 - 58.0 11.2 - 65.6 
Mean 8.86 8.36 7.99 7.36 30 39 40 40 
Median 7.68 7.25 7.03 6.14 27 37 41 41 
CV 
Ske
42 
.43
46 
.36
44 
.07
53 
.16
31 
.95
26 
.30
25 
0.13
31 
0.4wness 1  2  1  1  0  0  -  - 2 
 
 Table 2.36. Soil spectrophotometer descriptive statistics for carbon (C) and organic matter (OM).       
C (%)  OM (%) 
Soil Depth (cm) 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Field Cedar 
Number of obs. 62 61 58 48 62 60 53 41 
Range 0.15 - 0.76 0.05 - 0.82 0.12 - 0.73 0.04 - 0.73 0.61 - 1.98 0.64 - 1.60 0.56 - 1.80 0.54 - 1.78 
Mean 0.52 0.39 0.34 0.34 1.39 1.11 1.02 1.01 
Median 0.53 0.36 0.30 0.31 1.38 1.10 0.99 0.92 
CV 27 37 41 52 19 21 23 30 
Skewness -0.31 0.72 1.09 0.62 -0.07 0.25 0.85 0.95 
Field Cedar West 
Number of obs. 66 68 66 45 66 68 64 45 
Range 0.26 - 0.78 0.22 - 0.57 0.19 - 0.59 0.22 - 0.41 0.92 - 1.79 0.83 - 1.72 0.75 - 1.39 0.72 - 1.39 
Mean 0.39 0.32 0.29 0.28 1.20 1.04 0.99 0.98 
Median 0.36 0.29 0.28 0.27 1.16 1.01 0.97 0.98 
CV 27 24 20 15 15 15 12 14 
Skewness 1.50 1.94 2.48 0.87 1.29 1.62 0.61 0.83 
Field Lewis 95
Number of obs. 67 64 62 34 67 66 63 36 
Range 0.24 - 0.77 0.13 - 0.70 0.08 - 0.65 0.11 - 0.52 1.16 - 1.90 0.99 - 1.80 0.93 - 1.73 0.95 - 1.56 
Mean 0.53 0.40 0.32 0.31 1.56 1.39 1.28 1.24 
Median 0.55 0.39 0.32 0.31 1.60 1.37 1.27 1.26 
CV 28 38 41 42 13 16 15 16 
Skewness -0.34 0.30 0.22 -0.10 -0.33 0.22 0.19 -0.03 
Field Lewis West 
Number of obs. 61 56 54 30 60 55 52 31 
Range 0.09 - 0.73 0.15 - 0.69 0.07 - 0.65 0.13 - 0.63 0.92 - 1.89 0.94 - 1.81 0.86 - 1.66 0.84 - 1.75 
Mean 0.52 0.38 0.35 0.31 1.51 1.28 1.23 1.18 
Median 0.55 0.39 0.35 0.32 1.55 1.29 1.22 1.17 
CV 30 34 40 37 16 16 16 17 
Skewness -0.67 0.21 0.17 0.78 -0.49 0.29 0.28 0.64 
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Fig. 2.1. Sampled mine sites in Illinois and Indiana. 
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 Fig. 2.2. Variability of tip strength at different soil depth segments collected using the cone 
penetrometer at the Cypress Creek Mine site.  
 
Fig. 2.3. Variability of sleeve strength at different soil depth segments collected using the cone 
penetrometer at the Cypress Creek Mine site. 
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Fig. 2.4. Variability of volume moisture at different soil depth segments collected using the cone 
penetrometer at the Cypress Creek Mine site. 
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Fig. 2.5. Spatial location of tip strength outliers at the 23-46 cm depth using the cone penetrometer 
at the Cypress Creek Mine site (13 ha). 
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Fig. 2.6. Spatial location of tip strength outliers at the 46-69 cm depth using the cone penetrometer at 
the Cypress Creek Mine site (13 ha). 
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Fig. 2.7. Spatial location of tip strength outliers at the 69-91 cm depth using the cone penetrometer 
at the Cypress Creek Mine site (13 ha). 
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Fig. 2.8. Spatial location of tip strength outliers at the 91-114 cm depth using the cone penetrometer 
at the Cypress Creek Mine site (13 ha). 
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Fig. 2.9. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer at the Cypress Creek Mine site (13 ha). 
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Fig. 2.10. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer at the Cypress Creek Mine site (13 ha). 
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Fig. 2.11. Spatial location of sleeve strength outliers at the 69-91 cm depth using the cone 
penetrometer at the Cypress Creek Mine site (13 ha). 
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Fig. 2.12. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer at the Cypress Creek Mine site (13 ha). 
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 Fig. 2.13. Variability of tip strength at different soil depth segments collected using the cone 
penetrometer at the Cannelburg Mine site.  
 
Fig. 2.14. Variability of sleeve strength at different soil depth segments collected using the cone 
penetrometer at the Cannelburg Mine site. 
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Fig. 2.15. Variability of volume moisture at different soil depth segments collected using the cone 
penetrometer at the Cannelburg Mine site. 
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Fig. 2.16. Spatial location of tip strength outliers at the 23-46 cm depth using the cone penetrometer at 
the Cannelburg Mine site (9 ha). 
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Fig. 2.17. Spatial location of tip strength outliers at the 46-69 cm depth using the cone penetrometer at 
the Cannelburg Mine site (9 ha). 
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Fig. 2.18. Spatial location of tip strength outliers at the 69-91 cm depth using the cone penetrometer at 
the Cannelburg Mine site (9 ha). 
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Fig. 2.19. Spatial location of tip strength outliers at the 91-114 cm depth using the cone penetrometer 
at the Cannelburg Mine site (9 ha). 
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Fig. 2.20. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer at the Cannelburg Mine site (9 ha). 
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Fig. 2.21. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer at the Cannelburg Mine site (9 ha). 
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Fig. 2.22. Spatial location of sleeve strength outliers at the 69-91 cm depth using the cone 
penetrometer at the Cannelburg Mine site (9 ha). 
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Fig. 2.23. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer at the Cannelburg Mine site (9 ha). 
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 Fig. 2.24. Variability of tip strength at different soil depth segments collected using the cone 
penetrometer at the Wildcat Hills Mine site.  
 
Fig. 2.25. Variability of sleeve strength at different soil depth segments collected using the cone 
penetrometer at the Wildcat Hills Mine site. 
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Fig. 2.26. Variability of volume moisture at different soil depth segments collected using the cone 
penetrometer at the Wildcat Hills Mine site. 
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Fig. 2.27. Spatial location of tip strength outliers at the 23-46 cm depth using the cone penetrometer at 
the Wildcat Hills Mine site (16 ha). 
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Fig. 2.28. Spatial location of tip strength outliers at the 46-69 cm depth using the cone penetrometer at 
the Wildcat Hills Mine site (16 ha). 
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Fig. 2.29. Spatial location of tip strength outliers at the 69-91 cm depth using the cone penetrometer at 
the Wildcat Hills Mine site (16 ha). 
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Fig. 2.30. Spatial location of tip strength outliers at the 91-114 cm depth using the cone penetrometer 
at the Wildcat Hills Mine site (16 ha). 
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 Fig. 2.31. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer at the Wildcat Hills Mine site (16 ha). 
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Fig. 2.32. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer at the Wildcat Hills Mine site (16 ha). 
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Fig. 2.33. Spatial location of sleeve strength outliers at the 69-91 cm depth using the cone 
penetrometer at the Wildcat Hills Mine site (16 ha). 
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Fig. 2.34. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer at the Wildcat Hills Mine site (16 ha). 
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 Fig. 2.35. Variability of tip strength at different soil depth segments collected using the cone 
penetrometer on the Cedar Stockpile field at the Cedar Creek Mine site.  
 
Fig. 2.36. Variability of sleeve strength at different soil depth segments collected using the cone 
penetrometer on the Cedar Stockpile field at the Cedar Creek Mine site. 
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Fig. 2.37. Variability of volume moisture at different soil depth segments collected using the cone 
penetrometer on the Cedar Stockpile field at the Cedar Creek Mine site. 
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Fig. 2.38. Spatial location of tip strength outliers at the 23-46 cm depth using the cone penetrometer 
at on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
 
#
#
#
#
Fig. 2.39. Spatial location of tip strength outliers at the 46-69 cm depth using the cone penetrometer 
on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.40. Spatial location of tip strength outliers at the 69-91 cm depth using the cone penetrometer 
on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.41. Spatial location of tip strength outliers at the 91-114 cm depth using the cone penetrometer 
on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.42. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer at on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.43. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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 Fig. 2.44. Spatial location of sleeve strength outliers at the 69-91 cm depth using the cone 
penetrometer on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.45. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer on the Cedar Stockpile field (3 ha) at the Cedar Creek Mine site. 
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Fig. 2.46. Variability of tip strength at different soil depth segments collected using the cone 
penetrometer on the Cedar North field at the Cedar Creek Mine site. 
 
Fig. 2.47. Variability of sleeve strength at different soil depth segments collected using the cone 
penetrometer on the Cedar North field at the Cedar Creek Mine site. 
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Fig. 2.48. Variability of volume moisture at different soil depth segments collected using the cone 
penetrometer on the Cedar North field at the Cedar Creek Mine site. 
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Fig. 2.49. Spatial location of tip strength outliers at the 23-46 cm depth using the cone penetrometer 
on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.50. Spatial location of tip strength outliers at the 46-69 cm depth using the cone penetrometer 
on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.51. Spatial location of tip strength outliers at the 69-91 cm depth using the cone penetrometer 
on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.52. Spatial location of tip strength outliers at the 91-114 cm depth using the cone 
penetrometer on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.53. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.54. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.55. Spatial location of sleeve strength outlierst the 69-91 cm depth using the cone 
penetrometer on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.56. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer on the Cedar North field (12 ha) at the Cedar Creek Mine site. 
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Fig. 2.57. Variability of tip strength at different soil depth segments collected in 2006 using the cone 
penetrometer on the Cedar West field at the Cedar Creek Mine site. 
 
Fig. 2.58. Variability of sleeve strength at different soil depth segments collected in 2006 using the 
cone penetrometer on the Cedar West field at the Cedar Creek Mine site. 
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Fig. 2.59. Variability of volume moisture at different soil depth segments collected in 2006 using 
the cone penetrometer on the Cedar West field at the Cedar Creek Mine site. 
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Fig. 2.60. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2006 using the 
cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.61. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2006 using the 
cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.62. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2006 using the 
cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.63. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2006 using the 
cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.64. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2006 using 
the cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.65. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2006 using 
the cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.66. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2006 using 
the cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.67. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Cedar West field (11 ha) at the Cedar Creek Mine site. 
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Fig. 2.68. Variability of tip strength at different soil depth segments collected in 2008 using the 
cone penetrometer on the Cedar West field at the Cedar Creek Mine site. 
 
Fig. 2.69. Variability of sleeve strength at different soil depth segments collected in 2008 using 
the cone penetrometer on the Cedar West field at the Cedar Creek Mine site. 
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Fig. 2.70. Variability of volume moisture at different soil depth segments collected in 2008 using 
the cone penetrometer on the Cedar West field at the Cedar Creek Mine site. 
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Fig. 2.71. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2008 using the 
cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.72. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2008 using the 
cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.73. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2008 using the 
cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
 
#
#
#
#
#
#
#
#
#
#
#
#
Fig. 2.74. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2008 using the 
cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.75. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2008 using 
the cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.76. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2008 using 
the cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.77. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2008 using 
the cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.78. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2008 using 
the cone penetrometer on the Cedar West field (8 ha) at the Cedar Creek Mine site. 
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Fig. 2.79. Variability of tip strength at different soil depth segments collected in 2006 using the 
cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
 
Fig. 2.80. Variability of sleeve strength at different soil depth segments collected in 2006 using 
the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.81. Variability of volume moisture at different soil depth segments collected in 2006 using 
the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.82. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2006 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.83. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2006 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.84. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2006 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
 
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
Fig. 2.85. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2006 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.86. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2006 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.87. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2006 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.88. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2006 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.89. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.90. Variability of tip strength at different soil depth segments collected in 2008 using the 
cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
 
Fig. 2.91. Variability of sleeve strength at different soil depth segments collected in 2008 using 
the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.92. Variability of volume moisture at different soil depth segments collected in 2008 using 
the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.93. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2008 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.94. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2008 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.95. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2008 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.96. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2008 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.97. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2008 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.98. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2008 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.99. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2008 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.100. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2008 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.101. Variability of tip strength at different soil depth segments collected in 2011 using the 
cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
 
Fig. 2.102. Variability of sleeve strength at different soil depth segments collected in 2011 using 
the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.103. Variability of volume moisture at different soil depth segments collected in 2011 
using the cone penetrometer on the Cedar East field at the Cedar Creek Mine site. 
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Fig. 2.104. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2011 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.105. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2011 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.106. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2011 using the 
cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
 
#
##
#
#
Fig. 2.107. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2011 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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 Fig. 2.108. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2011 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
 
#
#
Fig. 2.109. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2011 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.110. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2011 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.111. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2011 using 
the cone penetrometer on the Cedar East field (9 ha) at the Cedar Creek Mine site. 
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Fig. 2.112. Variability of tip strength at different soil depth segments using the cone penetrometer 
on the Lewis Undisturbed field at the Lewis Mine site. 
 
Fig. 2.113. Variability of sleeve strength at different soil depth segments using the cone 
penetrometer on the Lewis Undisturbed field at the Lewis Mine site. 
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Fig. 2.114. Variability of volume moisture at different soil depth segments using the cone 
penetrometer on the Lewis Undisturbed field at the Lewis Mine site. 
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Fig. 2.115. Spatial location of tip strength outliers at the 23-46 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.116. Spatial location of tip strength outliers at the 46-69 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.117. Spatial location of tip strength outliers at the 69-91 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.118. Spatial location of tip strength outliers at the 91-114 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.119. Spatial location of sleeve strength outliers at the 23-46 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.120. Spatial location of sleeve strength outliers at the 46-69 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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 Fig. 2.121. Spatial location of sleeve strength outliers at the 69-91 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
 
Fig. 2.122. Spatial location of sleeve strength outliers at the 91-114 cm depth using the cone 
penetrometer on the Lewis Undisturbed field (6 ha) at the Lewis Mine site. 
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Fig. 2.123. Variability of tip strength at different soil depth segments collected in 2006 using the 
cone penetrometer on the Lewis West field at the Lewis Mine site. 
 
Fig. 2.124. Variability of sleeve strength at different soil depth segments collected in 2006 using 
the cone penetrometer on the Lewis West field at the Lewis Mine site. 
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Fig. 2.125. Variability of volume moisture at different soil depth segments collected in 2006 
using the cone penetrometer on the Lewis West field at the Lewis Mine site. 
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Fig. 2.126. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2006 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.127. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2006 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.128. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2006 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.129. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.130. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2006 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.131. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2006 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.132. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2006 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
 
#
#
#
#
#
#
#
Fig. 2.133. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
168 
  
Fig. 2.134. Variability of tip strength at different soil depth segments collected in 2007 using the 
cone penetrometer on the Lewis West field at the Lewis Mine site. 
 
Fig. 2.135. Variability of sleeve strength at different soil depth segments collected in 2007 using 
the cone penetrometer on the Lewis West field at the Lewis Mine site. 
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Fig. 2.136. Variability of volume moisture at different soil depth segments collected in 2007 
using the cone penetrometer on the Lewis West field at the Lewis Mine site. 
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Fig. 2.137. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2007 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.138. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2007 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.139. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2007 using the 
cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.140. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2007 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.141. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2007 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.142. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2007 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.143. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2007 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.144. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2007 using 
the cone penetrometer on the Lewis West field (13 ha) at the Lewis Mine site. 
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Fig. 2.145. Variability of tip strength at different soil depth segments collected in 2005 using the 
cone penetrometer on the Lewis East field at the Lewis Mine site. 
 
Fig. 2.146. Variability of sleeve strength at different soil depth segments collected in 2005 using 
the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.147. Variability of volume moisture at different soil depth segments collected in 2005 
using the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.148. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2005 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.149. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2005 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.150. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2005 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.151. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2005 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
178 
 #
# #
#
Fig. 2.152. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2005 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.153. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2005 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.154. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2005 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.155. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2005 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.156. Variability of tip strength at different soil depth segments collected in 2006 using the 
cone penetrometer on the Lewis East field at the Lewis Mine site. 
 
Fig. 2.157. Variability of sleeve strength at different soil depth segments collected in 2006 using 
the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.158. Variability of volume moisture at different soil depth segments collected in 2006 
using the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.159. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2006 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.160. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2006 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.161. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2006 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.162. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.163. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2006 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.164. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2006 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.165. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2006 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.166. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2006 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.167. Variability of tip strength at different soil depth segments collected in 2007 using the 
cone penetrometer on the Lewis East field at the Lewis Mine site. 
 
Fig. 2.168. Variability of sleeve strength at different soil depth segments collected in 2007 using 
the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.169. Variability of volume moisture at different soil depth segments collected in 2007 
using the cone penetrometer on the Lewis East field at the Lewis Mine site. 
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Fig. 2.170. Spatial location of tip strength outliers at the 23-46 cm depth collected in 2007 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.171. Spatial location of tip strength outliers at the 46-69 cm depth collected in 2007 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.172. Spatial location of tip strength outliers at the 69-91 cm depth collected in 2007 using the 
cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.173. Spatial location of tip strength outliers at the 91-114 cm depth collected in 2007 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.174. Spatial location of sleeve strength outliers at the 23-46 cm depth collected in 2007 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.175. Spatial location of sleeve strength outliers at the 46-69 cm depth collected in 2007 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.176. Spatial location of sleeve strength outliers at the 69-91 cm depth collected in 2007 using 
the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
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Fig. 2.177. Spatial location of sleeve strength outliers at the 91-114 cm depth collected in 2007 
using the cone penetrometer on the Lewis East field (18 ha) at the Lewis Mine site. 
 CHAPTER III 
 
EVALUATION OF RECLAIMED COAL-MINED PRIME FARMLAND BASED 
ON SOIL CHARACTERISTICS IN LIEU OF THE CURRENT YIELD-BASED 
APPROACH 
 
ABSTRACT 
 
Since the passage of Public Law 95-87, the Surface Mining Control and 
Reclamation Act (SMCRA) in 1977, reclamation success of prime farmland after coal 
mining has been determined by long-term crop yield testing.  This process often can 
continue for many years, especially for lands failing to meet production standards in a 
specified time period.  The objective of my work was to develop a soil-based model to 
replace the current crop yield-based system and to evaluate reclaimed land for diagnostic 
purposes.  Georeferenced corn (Zea mays L.), soybean [Glycine max (L.) Merr.], and 
wheat (Triticum aestivum L.) yield, cone penetrometer test (CPT), VIS-NIR 
spectrophotometer, apparent electrical conductivity (ECa), elevation and terrain 
derivatives, soil fertility, and other site characteristic data were collected on fields at the 
Cedar Creek Mine site in western IL, Wildcat Hills Mine site in southern IL, Lewis Mine 
site in southwestern IN, Cannelburg Mine site in southwestern IN, and the Cypress Creek 
Mine site in southwestern IN.  Soil-based productivity models were developed using 
multivariate and regression techniques to assign probabilities of meeting target yield 
standards at the partial-field level.  My research indicates that soil strength and water 
availability primarily influence a field’s ability to meet target yield standards over time.  
Model validation between fields and among sites has been encouraging, thus I propose 
modeling soil variability as a diagnostic tool to identify problematic field areas and to 
complement crop yield-based requirements.
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 INTRODUCTION 
 
Coal is an important energy resource in Illinois and Indiana with 31 and 32 
million Mg produced in 2009 and 2010, respectively (United States Energy Information 
Administration, 2011).  Estimated recoverable coal reserves in Illinois (34 billion Mg) 
account for one-eighth of the United States total coal reserves compared to 4 billion Mg 
in Indiana (United States Energy Information Administration, 2011).  Most of the coal in 
these states (95% in Illinois and 92% in Indiana) is purchased by the electric utility 
industry and used to generate electricity and heat (United States Energy Information 
Administration, 2011).  In Illinois, most of the coal produced (85%) comes from 14 
underground mines compared to eight surface mines.  Alternatively, in Indiana, most of 
the coal produced (60%) comes from 21 surface mines compared to eight underground 
mines (Illinois State Geological Survey, 2011; Indiana Department of Natural Resources, 
2011; United States Energy Information Administration, 2011). 
Since the passage of Public Law 95-87, coal-mined land reclamation has been 
evaluated primarily by crop yield testing.  Many states, such as Illinois and Indiana, 
require that reclamation success be based on crop production of reclaimed land compared 
to an approved reference area or other guidelines.  Crop yield must meet or exceed that of 
the undisturbed land for a minimum of three years of a ten-year period with 90% 
statistical confidence.  In 1986, the Illinois Department of Agriculture (IDOA) developed 
the Agricultural Lands Productivity Formula (ALPF) that compares crop yield capability 
of mined soils to their respective county soils.  The ALPF integrates weather, 
management, and soil type effects into a single equation used to develop a target yield 
standard to compare crop yield of reclaimed lands.  Similarly, Indiana law (312 IAC 25-
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 6-59 through 25-6-62 for non-prime farmland and 312 IAC 25-6-143 for prime farmland) 
requires that reclamation success be based on crop production from an approved 
reference area or another technical standard involving revegetation.  Often, if reclaimed 
land does not meet reclamation requirements in the specified period, the process of crop 
yield testing can continue for many years.  Landowners, mine operators, and regulators 
have expressed the need for a more efficient and less time-consuming method for 
assessing reclamation success. 
Surface mining operations often result in a post-mined soil structure that is 
attributable to mine reclamation methods rather than natural soil forming factors 
(McSweeney and Jansen, 1984).  Crop productivity on these soils has been poor 
(Henning and Colvin, 1977) and shown to be highly dependent upon weather patterns 
(Neilsen and Miller, 1980; Jansen et al., 1985).  Previous research has shown that newly 
developed mine soils have poor physical structure (Indorante et al., 1981; McSweeney et 
al., 1987; Dunker et al., 1993) which can restrict crop root development (Fehrenbacher et 
al., 1982; Meyer, 1983; Thompson et al., 1987).  Poor physical structure of mined soils 
(compacted soils) is the most limiting crop yield factor in Illinois (Dunker et al., 1995).  
Remedial actions such as deep tillage (Hooks et al., 1987; Dunker et al., 1995) have 
proven effective in loosening compacted soils and restoring crop productivity on mined 
lands.  On a scraper-placed mine soil with high soil compaction, Dunker et al. (1995) 
found that both corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] yield were 
significantly increased with depth of tillage.  Similarly, Bledsoe et al. (1992) found tillage 
on mined soils in southern Illinois to reduce compaction and increase corn yields.  In 
addition to tillage, proper field management (fertility, crop varieties) (Dancer, 1984; 
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 Dunker et al., 1988) along with selection of high quality soil materials (Jansen and 
Dancer, 1981; Power et al., 1981; Dunker and Jansen, 1987; McSweeney et al., 1987) 
have been useful in achieving crop productivity near undisturbed levels.  
Previous research has advocated the use of a soil-based productivity index for 
determining reclamation success and predicting vegetation potential (Doll et al., 1984).  
Soil productivity ratings have been used for many years to assess soil quality and crop 
production.  Past approaches have utilized additive, multiplicative, or combined systems 
to integrate soil and crop yield properties into a useful index capable of distinguishing 
land value (Huddleston, 1984).  Early work on soil productivity by Neill (1979) and 
Kiniry et al. (1983) in Missouri led to the development of the soil Productivity Index (PI) 
that incorporates root growth with several soil properties; a model later modified by 
Pierce et al. (1983) and Wollenhaupt (1985).  This original model, along with variations, 
was used to predict crop performance (Neill, 1979; Gantzer and McCarty, 1987; 
Thompson et al., 1992; Yang et al., 2003) and tree performance (Gale, 1987; Gale and 
Grigal, 1988, 1990; Gale et al., 1991; Udawatta, 1994; Udawatta and Henderson, 2003). 
Barnhisel et al. (1992) used a revised PI for use in prime farmland reclamation in 
western Kentucky.  Soil parameters measured in this study included bulk density, cone 
penetrometer resistance, water-holding capacity, phosphorus (P), potassium (K), 
exchangeable aluminum (Al), particle size distribution, and pH.  Results from this study 
were highly variable with correlations between the PI and corn yield ranging from near 0 
to 0.76 from one field or mining method to another.  Similarly, Thompson et al. (1992) 
used a revised PI for use in prime farmland reclamation in Columbia, MO.  Soil 
parameters measured in this study included potential available water content, bulk 
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 density, and pH.  An experiment was conducted to investigate relationships among the PI, 
depth to clay, and corn yield across years under irrigated and non-irrigated treatments.  
Results from this study showed that corn grain yield increased as both the PI and depth to 
clay increased.  Regression functions relating corn yield across years with the PI 
explained 66% of corn yield variation.  In addition, supplemental irrigation increased 
corn yield by 24% across years and was shown to be beneficial in improving corn yield 
over non-irrigated treatments with similar depths to clay. 
Cone penetrometers have been used to quantify many different soil variables.  
Relevant to mine reclamation, the cone index (CI) has been used to describe soil strength 
and compaction (Larney and Kladivko, 1989; Lowery and Schuler, 1991).  A deep-
profile recording cone penetrometer developed by Hooks and Jansen (1986) has been 
used as a method to quantify soil strength and compaction, and emulate impeding factors 
of root growth.  When using the cone penetrometer to assess deep tillage effects on coal-
mined land, Dunker et al. (1995) found soil strength measurements to be effective in 
describing crop yield when other plant nutritional levels were not limiting.    
In addition to cone penetrometer data, inexpensive dense data sets such as 
apparent electrical conductivity (ECa) and elevation are often quick, dense pieces of 
information for describing soil variability.  Apparent soil electrical conductivity has been 
used extensively as a proxy of various soil characteristics.  Soil ECa has shown to be 
related to several soil variables such as soil water content (Sudduth et al., 1995; Sheets 
and Hendrickx, 1995), depth to claypan (Kitchen et al., 1999; Sudduth et al., 2001), soil 
sand, silt and clay fractions (Doolittle et al., 2002), cation exchange capacity (CEC) 
(McBride et al., 1990; Sudduth et al., 2003; Sudduth et al., 2005), soil salinity (Williams 
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 and Baker, 1982; Rhoades, 1993), soil organic matter (SOM) (Doolittle et al., 1994; 
Johnson et al., 2001; Kravchenko et al., 2002; Sudduth et al., 2003), and other soil 
variables (Geonics Limited, 1998).  Furthermore, ECa has been linked to crop yield 
variability (Kitchen et al., 1999; Jaynes et al., 2003; Kitchen et al., 2003; Kravchenko et 
al., 2003; Schepers et al., 2004; Kaspar et al., 2004).  In addition, elevation and 
topographical features have been linked to crop yield variability (Stone et al., 1985; 
Simmons et al., 1989; Changere and Lal, 1997; McConkey et al., 1997; Timlin et al., 
1998; Kravchenko and Bullock, 2000; Kaspar et al., 2003; Kitchen et al., 2003; 
Kravchenko et al., 2003; Jiang and Thelen, 2004; Kaspar et al., 2004; Schepers et al., 
2004; Kravchenko et al., 2005).  
A need exists to expedite the bond release process for coal-mined land.  
Currently, crop yield testing is used to verify if coal-mined land has been reclaimed to 
sufficient standards of pre-mine use.  Unfortunately, this process can continue for many 
years, especially if coal-mined land does not meet bond release requirements the first few 
years.  Researchers have previously proposed that a soil-based model be used in lieu of 
the current yield-based approach to predict crop yield potential of coal-mined land 
(Barnhisel et al., 1992; Thompson et al., 1992).  Such an approach would eliminate the 
need to continuously grow crops to verify if bond release requirements have been met.  In 
addition, a soil-based model would not only predict crop yield potential on coal-mined 
land, but also identify problematic field areas that are limiting crop yield potential.  It 
may take several years of growing crops to identify consistent field areas not meeting 
bond release guidelines, however with a soil-based approach, such early identification 
may save time and money for landowners, mine operators, and regulators. 
198 
 199 
The objective of my work was to develop a soil-based model to be used in lieu of 
the current crop yield-based approach for assessing bond release.  Specifically, my 
objectives were i) to investigate inter-relationships of soil strength, crop yield, ECa, 
elevation and slope, ii) to investigate spatial scale differences for selecting crop yield, 
ECa, and elevation, iii) to investigate spatial structure of soil strength, crop yield, ECa, 
and elevation, iv) to develop regression models using soil-based variables to predict crop 
yield, v) to develop probabilistic models using soil-based variables to predict meeting 
bond release standards, vi) to validate probabilistic models using independent data. 
 MATERIALS AND METHODS 
 
Data were collected on coal-mined fields in reclamation at the Lewis Mine site 
(39°28’N, 87°24’W), Cannelburg Mine site (38°64’N, 87°03’W), and Cypress Creek 
Mine site (38°09’N, 87°29’W) in southwestern Indiana, the Wildcat Hills Mine site 
(37°75’N, 88°35’W) in southern Illinois, and the Cedar Creek Mine site (40°13’N, 
90°85’W) in western Illinois (Fig. 3.1).  The Lewis Mine is operated by Solar Sources, 
Inc. in Vigo County, IN; the Cannelburg Mine by Solar Sources, Inc. in Daviess County, 
IN; the Cypress Creek Mine by Vigo Coal Company, Inc. in Warrick County, IN; the 
Wildcat Hills Mine by Black Beauty Coal Company, Inc. in Gallatin County, IL; and the 
Cedar Creek Mine by Black Beauty Coal Company, Inc. in Schuyler County, IL.  The 
Lewis Mine site consists of three sampled fields, Lewis East (18 ha), Lewis West (13 ha) 
and Lewis Undisturbed (6 ha); four sampled fields at the Cedar Creek Mine site, Cedar 
East (9 ha), Cedar West (11 ha with 3 ha later converted to pasture), Cedar North (12 ha) 
and Cedar Stockpile (3 ha); and one sampled field each at the Cannelburg (9 ha), Cypress 
Creek (13 ha), and Wildcat Hills Mine (16 ha) sites. 
Aerial photography of the Lewis Mine site, taken during coal mining in 2003 and 
after soil reconstruction in 2005 (Fig. 3.2 A, B), showed differences in field 
reconstruction patterns.  The southern half of the Lewis East and West fields was 
reconstructed using scraper pans while the northern half of these fields was reconstructed 
using dump trucks.  Soil reconstruction was also done at separate times as indicated in 
Fig. 3.2 B.  Aerial photography of the Cedar Creek Mine site in 2004 showed a similar 
pattern of partial field soil reconstruction (Fig. 3.2 C).  In addition, this figure showed the 
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 presence of a coal haul road through the middle of the Cedar East field and the bottom of 
the Cedar West field. 
Georeferenced crop yield, cone penetrometer (CPT), VIS-NIR soil 
spectrophotometer, ECa, elevation and derivatives [slope, plan and profile curvature, 
topographic wetness index (TWI), and stream power index (SPI)], soil fertility and 
weather data were collected depending on site and year.  Specific measurements, 
organized by mine and field, are listed in Tables 3.1 and 3.2.  Number of CPT sampling 
locations is listed by field and year of collection.  The majority of data were collected on 
the Cedar East and West fields and on the Lewis East and West fields.  Multiple sets of 
crop yield and CPT measurements make these fields ideal for assessing soil strength 
trends across time and their subsequent effect on crop yield.  To be used as reference, 
crop yield and CPT measurements were collected on an undisturbed field (Lewis 
Undisturbed), close in proximity to the disturbed fields, at the Lewis Mine site. 
 
DATA ACQUISITION 
 
Georeferenced crop yield were recorded on 1-s intervals using a yield monitor 
(Ag Leader Technol., Inc., Ames, IA; Deere & Co., Moline, IL) equipped with a global 
positioning system (GPS) receiver.  Yield data were cleaned for technical errors such as 
grain flow delay, pass delay, velocity and flow issues, manual border row corrections, 
and moisture adjustment when needed using the Yield Editor program (Sudduth and 
Drummond, 2007).  After crop harvest of the first year of data collection, field borders of 
all sampled fields were mapped using a GPS Trimble unit (Trimble Navigation, 
Sunnyvale, CA) mounted on a tractor.  Cone penetrometer test data (Vertek, 2010) were 
collected for all fields, using an evenly spaced grid as a reference sampling guide.  
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 Several additional CPT points were collected between grid points to provide information 
about short-range distances when investigating spatial structure.  Density of CPT points 
collected ranged from 5 to 10 points ha-1depending on site and field.  The penetrometer 
used in this research is mounted on a tractor and pushes a 2.54-cm diameter, 60˚ cone in 
to the ground at a rate of 2 cm sec-1.  The penetrometer push system consists of a soil 
probe (Giddings Machine Company, Colorado Springs, CO) equipped with a sub-meter 
GPS receiver (Raven Industries Inc., Sioux Falls, SD).  The probe is equipped with soil 
volume moisture (VM), cone tip strength (TS), and sleeve strength (SS) measurement 
sensors.  One measurement, up to 1.2 m deep, was collected at each sampled point.  
Histograms of CPT data were reviewed and sample data were cleaned for errors resulting 
from the probe hitting rocks and electronic problems. 
Elevation data were obtained in 1-s intervals for the Lewis East and West fields in 
spring 2007, the Cedar East and West fields in summer 2007 and the Wildcat Hills Mine 
site in fall 2007 using a 4-wheeler equipped with a Geo XH unit and a Zephyr antenna 
(Trimble Navigation, Sunnyvale, CA).  Approximately 1800, 3100, 2400, 1400, 4000 
elevation measurements were taken across the Cedar East, Cedar West, Lewis East, and 
Lewis West fields, and the Wildcat Hills Mine site, respectively, with an average distance 
between swaths of 15 to 30 m depending on diversity of topography (Kravchenko et al., 
2000).  ArcView Spatial Analyst (Environmental Systems Research Institute, 2002) was 
used to construct a digital elevation model (DEM) from the elevation data and to derive 
primary and secondary topographical features (Ruffo et al., 2006).   
Apparent soil electrical conductivity data were collected at the same time and 
density as elevation measurements using an EM-38 electromagnetic induction EC meter 
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 (Geonics, Mississauga, ON, Canada) on a polyvinyl chloride (PVC) pipe sled pulled 
behind a 4-wheeler.  The EM-38 was used in the vertical dipole position which is 
effective at soil depths of near 1.5 m (McNeill, 1992; Sudduth et al., 2003).  Before data 
collection, the EM-38 was calibrated to specified levels as noted in the EM-38 instruction 
manual (Geonics Limited, 1998). 
Soil cores, extracted to assess soil fertility levels, were collected at a depth of 0-15 
and 15-30 cm for the Lewis East (88 and 30 points), Lewis West (62 and 22 points) and 
Lewis Undisturbed (50 and 25 points) fields in spring 2008.  Sampling locations were 
determined using an evenly-spaced grid coinciding with CPT points collected in 2007.  
Soil cores at the 0-15 cm depth were extracted using a corkscrew soil auger mounted on 
the side of a 4-wheeler.  Soil cores at the 15-30 cm depth were extracted using a hand 
held 2.22-cm soil corer in the same hole of the 0-15 cm soil core.  Segmented cores were 
air dried and sent for analysis of macro and micronutrients by Soil Testing Plus, Inc., 
Toulon, IL. 
Soil spectrophotometer data were collected for the Lewis East, Lewis West, Cedar 
East and Cedar West fields in spring and summer 2010 using a VIS-NIR Soil 
Spectrophotometer probe (Veris Technologies, Salina, KS, USA).  The probe (2.54-cm) 
acquires visible and near-infrared absorbance, penetration resistance (Force), and 
electrical conductivity (EC) measurements for soil depths up to 115 cm.  Absorbance 
measurements, by field, were used to develop calibration equations with soil nutrient data 
(C, OM).  Initially, absorbance measurements were acquired at every sampled field 
location in order to evaluate spectral diversity for each field.  Next, absorbance 
measurements were divided into 15 cm depth segments and used in principal component 
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 and cluster analyses in order to identify clusters of similar spectral properties.  Random 
points (by location and soil depth segment) were selected from each cluster and these 
points were used to obtain physical soil cores.  Fifteen soil cores were collected per field 
using a 3.81-cm diameter coring tube mounted on a tractor.  Cores were segmented up in 
15-cm depth segments (0-15, 15-30, 30-46, 46-61, 61-91 cm) corresponding to the depth 
of spectral segmentation.  Segmented cores were air dried and sent for analysis of C and 
OM by Soil Testing Plus, Inc., Toulon, IL.  Carbon and OM data were then used to 
develop partial least squares equations relating soil core values to absorbance 
measurements.  Equations were then used to map C and OM by field and soil depth.  
Force, EC, C, and OM estimates were divided into the same soil depth segments as CPT 
data for analysis. 
Weather data were obtained for all sites over the years (2005 – 2010) of which 
they were sampled.  Monthly temperature and precipitation data were obtained from the 
nearest weather station to the research sites.  In Illinois, data were obtained through the 
Illinois State Water Survey.  In Indiana, data were obtained through the Indiana State 
Climate Office. 
 
DATA PROCESSING AND ANALYSIS 
 
Georeferenced CPT field locations were imported into ArcView 3.x 
(Environmental Systems Research Institute, 2002) to match latitude and longitude 
coordinates with each CPT data file.  Coordinates with missing CPT data were removed 
from the analysis.  Georeferenced field locations along with CPT data from each year and 
field combination were imported into SAS (SAS, 2010) to create permanent data sets.  In 
total, sixteen such combinations were imported with multiple sets from Cedar East, Cedar 
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 West, Lewis East, and Lewis West fields.  Each dataset was then broken up into several 
soil depths (0-23, 23-46, 46-69, 69-91, and 91-114 cm) corresponding to depth of 
penetration.  Soil depth segments were consistent with previously published work on coal 
mine reclamation (Dunker et al., 1995).  The 0-23 cm soil depth segment was excluded 
from this analysis as it is easily influenced by primary tillage.  Penetrometer variable 
distributions were examined for departures from normality and it was concluded that the 
mean of each penetrometer variable for each depth segment was sufficient as an estimate 
for each distribution.  Resulting penetrometer data sets consisted of 12 predictor variables 
(TS, SS, and VM at 4 soil depth segments) and a differing number of observations 
depending on year and field. 
In order to facilitate analysis, 5 and 10 m buffers were created around each CPT 
location for each year and field combination using ArcView 3.x (Environmental Systems 
Research Institute, 2002).  Buffers were used to select corresponding portions of 
elevation, ECa and crop yield around each CPT point.  Buffer size was chosen to provide 
information about small and larger scale variation.  The number, mean and variance of 
points contained within each buffer were exported using the EFRA extension 
(downloaded from the Farm Research website at www.farmresearch.com/efra) and 
appended to each CPT data set combination in SAS (SAS, 2010).  Penetrometer points 
with high corresponding variance of elevation, ECa or crop yield points were marked as 
potential outlying values (near field edge or depression). 
Geostatistical analysis was conducted using the VARIOGRAM procedure of SAS 
(SAS, 2010) to assess the spatial structure of ECa, elevation and crop yield.  Histograms 
of these data were examined for normality and low or high erroneous data were removed.  
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 Semivariograms were constructed for each variable and field combination using the 
following equation: 
                                                                                 [1] 
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where is the nugget, is the sill, and is the range of the semivariogram.  The nugget 
component is a combined measurement of independent error due to micro-scale variation 
(variation less than the shortest sampling distance), and measurement error (measuring 
device variation).  These errors usually cannot be separated unless the measurement error 
is obtained through replication with a measuring device (Goovaerts, 1997).  The sill 
represents the value of semi-variance at which observations are non-correlated.  The 
range is the distance of which observations are correlated. 
0c c a
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 Estimated model parameters for ECa, elevation and crop yield were then used for 
block kriging around each penetrometer point using GSLIB (Deutsch and Journel, 1992).  
The block kriging environment of the program KT3D was set up to utilize the dense data 
sets of ECa, elevation, and crop yield while using jackknife penetrometer data sets.  
Based on previous work with these data sets in the TREND program, it was determined 
to utilize a small block kriging window (e.g., 2 m wide x 8 m long for N-S yield data) as 
to not dilute potential small scale variable effects by adding in large amounts of data.  It 
was also noted that especially for crop yield, correlations among crop yield and other 
variables were stronger when crop yield was selected at small scales and confined to one 
combine swath.  That is, crop yield estimates tend to be more correlated with pentrometer 
variables within a combine swath compared to among combine swaths.  The block 
kriging search window was set to 30 m and the minimum and maximum number of 
points used for block kriging was set between 3 and 5 points.  These specifications were 
made to provide reasonable estimates for each block while not diluting out potential 
small scale effects and unduly increasing individual block variance estimates around each 
penetrometer point.  Once block kriging estimates were obtained, individual estimates 
with high block kriging variances were flagged as potential outliers and their map 
location was noted.  Suspect points determined to be erroneous were then removed from 
the data set.  Remaining block kriging estimates of ECa, elevation and crop yield were 
added to respective CPT data sets. 
Geostatistical modeling was also conducted for CPT and spectrophotometer data 
for the Lewis West and East and Cedar West and East fields.  Specifically, spatial 
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 structure was investigated for TS and Force at the 23-46 cm, 46-69 cm, 69-91 cm and  
91-114 cm soil depth segments for each year of data collection. 
Estimates of primary topographical features such as slope, plan and profile 
curvature were made using the DEMAT-extension (downloaded from the ESRI website 
at http://arcscripts.esri.com) for ArcView 3.x (Environmental Systems Research Institute, 
2002).  Slope (°) was calculated using the Zenvenbergen and Thorne method because 
field DEM’s exhibited a relatively smooth surface (Burrough and McDonnell, 1998).  
Slope is calculated as the maximum rate of change in elevation from a cell to its 
neighboring cells and has been shown to be related to corn and soybean yield 
(Kravchenko and Bullock, 2000; Kaspar et al. 2004).  Profile curvature is the curvature in 
the direction of the slope and affects flow acceleration, thus influencing soil erosion and 
deposition (Hall and Olson, 1991; Moore et al., 1991).  Plan curvature is the curvature 
perpendicular to the direction of the slope, and determines flow convergence and 
divergence (Moore et al., 1991).  Both curvature units are expressed as 1/100 x z units, 
thus are in km-1.   
Estimates of secondary topographical features such as TWI (Beven and Kirkby, 
1979) and SPI (Moore et al., 1991) were made using the TOPOCROP-extension 
(downloaded from the ESRI website at http://arcscripts.esri.com) using ArcView 3.x 
(Schmidt and Persson, 2003).  The TWI has shown to be related to soil water content 
(Chamran et al., 2002) and organic matter (Moore et al., 1993) while SPI has shown to be 
related to soil erosion and gully formation (Moore et al., 1988).  A smoothing parameter 
of 1 was used to display all ridges when calculating TWI and mean filtered values were 
used for both TWI and SPI.  
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 Digital elevation model cell sizes for deriving topographical variables were 
chosen to avoid unrealistic small cells in relation to collected elevation points.  Cleaned 
elevation values were interpolated into cell-based maps for each field using IDW with a 
power of 2.  Slope, plan and profile curvature, TWI and SPI variables were selected from 
cell-based maps using 10 m buffers around each CPT point from each year and field 
combination.  The EFRA extension in ArcView 3.x (Environmental Systems Research 
Institute, 2002) was used to select the mean of the cells surrounding each CPT point for 
each given variable of interest.  Topographical estimates were added to each CPT, crop 
yield, elevation, and ECa data set. 
A depth to compaction soil layer variable was created using TS as a function of 
soil depth in each penetrometer log file.  A cutoff value of 3.1 MPa was used to 
determine the presence of a high soil strength layer for each penetrometer reading 
(Dunker et al., 1995).  Starting at the soil surface and moving downward in the soil, once 
a TS value of 3.1 MPa was reached, the soil depth that corresponds to this value was 
recorded.  This procedure was conducted for all year and field combinations using SAS 
(SAS, 2010) and the resulting variable (depth to compaction) was added to corresponding 
data sets. 
Soil fertility data for the 0-15 and 15-30 cm soil depth segments were appended to 
the Lewis East, Lewis West and Lewis Undisturbed data sets for 2007.  Specifically, 
values of pH, phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), 
zinc (Zn), manganese (Mn), boron (B), iron (Fe), copper (Cu), sodium (Na), CEC and 
OM were appended to each data set. 
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 Weather data for each site and year combination were pooled into four categories 
such as spring, summer, fall, and winter temperature and precipitation.  These values 
were added to each corresponding data set. 
Force, EC, C and OM estimates obtained using the soil spectrophotometer were 
brought into ArcView 3.x (Environmental Systems Research Institute, 2002) for each soil 
depth segment and field combination.  Because these estimates were obtained using 
different sampling grids than respective CPT sampling grids for each field, estimates 
were interpolated into cell-based maps for each soil depth segment and field combination 
using IDW with a power of 2.  Estimates, by soil depth segment, were selected from cell-
based maps using 10 m buffers around each CPT point from each year and field 
combination.  Force, EC, C and OM estimates were added to respective data sets. 
In total, 16 permanent data sets were developed in SAS (SAS, 2010) as the 
combination of year x field with differing numbers of observation and type of variables 
collected.  Data set combinations were combined by year, site and field in order to 
account for these sources of variability.  Statistical analysis was performed using 
correlation, regression and multivariate techniques in SAS (SAS, 2010).  Cone 
penetrometer variables, by time of collection, were initially standardized using the 
STANDARD procedure of SAS (SAS, 2002) to eliminate differences in measurement 
scale.  Pearson correlation coefficients were calculated using the CORR procedure of 
SAS (SAS, 2010) to investigate relationships between i) TS and Force (both measure soil 
strength), ii) TS, crop yield, ECa, elevation and slope, iii) and spatial scale differences (5 
m vs. 10 m selections) among TS, crop yield, ECa, and elevation for each permanent data 
set.  Correlations with r ≥ 0.50 were noted as higher in relationship strength. 
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 VARIABLE SUMMARIZATION AND REGRESSION 
 
Many of the measured soil variables were correlated (especially CPT variables).  
Correlated variables cause issues in model development such as replacement of model 
terms (multiple variables describe the same phenomenon) and difficult interpretation of 
parameter estimates (Kutner et al., 2004).  To alleviate these issues, two multivariate 
techniques were used to summarize measured soil variables.  Principal component 
analysis (PCA) was used to develop a new (potentially smaller) set of variables that 
explain the variability found in the original variables for the 16 permanent data sets 
(Johnson, 1998).  Additionally, factor analysis (FA) was used as a comparison to PCA for 
the Cannelburg and Wildcat Hills Mine sites and derives new variables that attempt to 
explain underlying characteristics of the original variables (Johnson, 1998).  The 
FACTOR procedure of SAS (SAS, 2010) was used for both PCA and FA.  Principal 
component analysis was conducted using the principal factoring method on the 
correlation matrix with priors set to one.  Derived variables with eigenvalues greater than 
one were retained for further analysis.  Factor analysis was conducted using the principal 
factoring method on the correlation matrix, priors set to square multiple correlation 
(SMC), and rotation set to VARIMAX (SAS, 2010)  Derived variables with eigenvalues 
greater than one were also retained for further analysis.  These variables represent the 
scores from each analysis (PCA or FA).  Scores were calculated using standardized 
original variables.  Derived variables from PCA were used in multiple regression to 
assess their ability in describing crop yield variation for each of the 16 permanent data 
sets.  The REG procedure of SAS (SAS, 2010) was used to regress crop yield for each 
year collected against derived variables from PCA.  Multiple regression was also used for 
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 derived variables from FA, however only as a comparison to PCA for the Cannelburg and 
Wildcat Hills Mine sites.  Weather variables and, crop and year of CPT sampling were 
included as categorical variables in multiple regression for combined analyses. 
 
COMBINED ANALYSIS OF CROP YIELD AND CPT SAMPLING TIME 
 
Cluster and discriminant analysis (DA) were conducted to assess the ability of 
derived variables to distinguish crop yield across years (Johnson, 1998).  The 
FASTCLUS procedure of SAS (SAS, 2002) was used to develop clusters which 
distinguish between high and low crop yield categories.  This procedure uses a k-means 
model which optimizes clusters based on least squares estimation.  Cluster assignments 
were carried forward to DA using derived variables from PCA or FA (for Cannelburg and 
Wildcat Hills Mine sites only) as discriminating variables.  The DISCRIM procedure of 
SAS (SAS, 2002) was used to distinguish between clusters and to tabulate observations 
as correctly or incorrectly assigned using the cross-validation method (Johnson, 1998).  
Cluster and DA were further used for distinguishing crop yield categories across years for 
each permanent SAS data set and across sets in which multiple CPT readings were 
acquired for a given field.  
 
BOND RELEASE AND PROBABILITY ESTIMATES 
 
Due to the binomial nature of the bond release question (meet/fail to meet target 
yield standards), the LOGISTIC procedure of SAS (SAS, 2010) was used to assign 
probabilities of meeting bond release for each sampled CPT point.  Critical values used 
for meeting or failing to meet bond release standards from 2005 to 2009 are given in 
Table 3.3 for the Cedar Creek and Lewis Mine sites.  These values were used to convert 
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 crop yield for each year into a 0 or 1 designation used for logistic regression modeling.  
The logistic regression model used is as follows: 
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Logistic regression is a more favorable alternative compared to simple linear regression 
when the response variable has only two possible outcomes.  A major difference between 
models is that the simple linear regression model has parameters (no parameter is raised 
to an exponent or multiplied by other parameters) while logistic regression model has 
non-linear parameters.  Because the response variable has only two outcomes (0 or 1), 
problems arise when applying a simple linear regression model (with the frequent 
assumption of normal error terms) to such data (Kutner et al., 2004).  First, error terms 
are non-normal because each error term can only assume one of two values.  Secondly, 
error variance is non-constant and error variances vary with differing levels of the 
independent variable.  Because the logistic equation represents probabilities, a third 
problem is that there must be constraints on the response function to keep probabilities 
between 0 and 1.  However, a linear response function may go beyond these limits.  Due 
to these concerns, analyzing binomial data assuming a normal error regression model 
with ordinary least squares is not appropriate (Kutner et al., 2004).   
The STEPWISE variable selection method was used in the LOGISTIC procedure 
of SAS (SAS, 2010) to select derived variables from PCA.  For comparison, this 
procedure was also used to select raw variables as a best subset.  Significant model 
coefficients were selected based on a model entry probability level of 0.40 and an exit 
probability level of 0.15 (Johnson, 1998).  Once a reasonable subset of predictor variables 
was obtained (using PCA or raw variables), probabilities of meeting bond release were 
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calculated for a given field for each cropping year.  These probabilities (which 
correspond to CPT point locations) were tabulated as not meeting or meeting bond 
release standards using a probability cutoff of 0.5 and compared to actual responses. 
Model validation was conducted using corn 2006 and soybean 2007 logistic 
regression models based on PC or standardized variables for the Lewis West field.  These 
four models were selected to represent above and below average precipitation growing 
seasons, respectively.  These models were applied to soil-based data collected for the 
Cedar East and West fields, which correspond to CPT point locations for these fields.  
Specifically, models were applied to CPT data collected in 2006 for the Cedar West field 
and 2006 and 2011 for the Cedar East field.  Cone penetrometer test data were collected 
in 2008 for these fields, however VM data were not available.  Since VM data were 
required in model calculations, these data sets were excluded.  Probabilities of meeting 
bond release were calculated and then exported out of SAS (SAS, 2010) and into 
ArcView 3.x (Environmental Systems Research Institute, 2002) in order to develop 
probability maps.  Probability estimates were coded as meeting or not meeting bond 
release standards using a probability level of 0.5 as the cutoff value.  In addition, r were 
calculated between corn and soybean yield and probability of meeting bond release 
values for each combination of variables (PC or standardized) and field and year of CPT 
data collection.  Standardized corn and soybean yield means were calculated for below 
and above the 0.5 probability level categories. 
 RESULTS AND DISCUSSION 
 
CORRELATION ANALYSIS 
 
COMPARISON OF SOIL STRENGTH DETERMINED USING THE CONE 
PENETROMETER OR SOIL SPECTROPHOTOMETER 
 
Correlations were calculated between TS and Force at 4 soil depth segments    
(23-46 cm, 46-69 cm, 69-91 cm and 91-114 cm) to investigate their inter-relationship in 
describing soil strength (Tables 3.4-3.13).  Correlations were calculated for each CPT 
data set for the Cedar East, Cedar West, Lewis East and Lewis West fields.  Correlations 
(r ≥ 0.50; P < 0.01) for the Cedar East field, across years of CPT sampling, were only 
between adjoining soil depth segments for TS and Force (Tables 3.4-3.6).  Correlations 
among TS and Force soil depth segments were weak and ranged from -0.20 to 0.21 
(Tables 3.4-3.6).  This indicates that no clear relationship existed between TS and Force 
for the Cedar East field.  Similarly, correlations (r ≥ 0.50) for the Cedar West field, 
across years of CPT sampling, were only between adjoining soil depth segments for TS 
and Force.  Correlations among TS and Force soil depth segments were stronger than 
those for the Cedar East field, however still weak and ranged from -0.04 to 0.41 (Tables 
3.7, 3.8).  Similarly, this indicates that no clear relationship existed between TS and 
Force for the Cedar West field. 
In contrast, correlations (r ≥ 0.50) for the Lewis East field, across years of CPT 
sampling, were higher than the Cedar East or West fields and were found between soil 
depth segments for TS and Force.  In addition, correlations among TS and Force soil 
depth segments were stronger than those for Cedar East or West and detected two, 6 and 
0 times out of 16 for CPT sampling years of 2005, 2006 and 2007, respectively      
(Tables  3.9-3.11).  Correlations among TS and Force soil depth segments ranged from 
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 0.07 to 0.54 and were greater than 0.40 (r ≥ 0.40), 69%, 44% and 25% of the time for 
CPT sampling years of 2005, 2006 and 2007, respectively (Tables 3.9-3.11).  Similarly, 
correlations (r ≥ 0.50) for the Lewis West field, across years of CPT sampling, were 
found among soil depth segments for TS and Force.  However, correlations between TS 
and Force soil depth segments were not detected and ranged from -0.01 to 0.49      
(Tables 3.12, 3.13).  Correlations among TS and Force soil depth segments were greater 
than 0.40 (r ≥ 0.40), 31% and 13% of the time for CPT sampling years of 2006 and 2007, 
respectively (Tables 3.12, 3.13). 
Correlations differences were detected between the Cedar East and West fields 
and the Lewis East and West fields.  Specifically, correlations were stronger among soil 
depth segments for TS and Force for the Lewis East and West fields.  In addition, 
correlations between TS and Force soil depth segments were detected for the Lewis East 
field, while none were detected for Lewis West, Cedar East or Cedar West fields.  The 
strength of these inter-correlations were higher for Lewis West compared to the Cedar 
East and West fields, however.  Differences in correlation between Lewis East and West 
and the Cedar East and West fields may be explained by differences in soil reconstruction 
materials and reclamation methods.  High soil strength, as detected using CPT data, 
covered a greater proportion of the Lewis East and West fields as compared to the Cedar 
East and West fields.  High soil strength was confined to the lower half of the Lewis East 
field due to a difference in soil reconstruction timing and method used (scraper).  The 
upper half of this field was reclaimed using dump trucks and did not exhibit high soil 
strength patterns.  Similarly, the middle portion of the Lewis West field was reclaimed 
using scrapers.  These larger high soil strength zones for the Lewis East and West fields 
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 may contribute to increased correlation of TS and Force soil depth segments.  Since TS 
and Force data were not collected at the same GPS locations, data interpolation was used 
to match Force with corresponding TS values.  When spatial variability was lower, the 
difference between these values was small, thus improving correlation.  Soil variability 
was higher for Cedar East and West, thus resulting in lower correlations among TS and 
Force soil depth segments. 
 
CORRELATION OF TIP STRENGTH, CROP YIELD, ELECTRICAL 
CONDUCTIVITY AND ELEVATION DATA 
 
Correlations were calculated among TS at 4 soil depth segments (23-46 cm,      
46-69 cm, 69-91 cm and 91-114 cm), crop yield, ECa, elevation and slope to investigate 
their inter-relationships (Tables 3.14-3.28).  Correlations were calculated for each CPT 
data set, except Cypress Creek, in which only CPT data were collected.  Correlations for 
fields with only one CPT data set (Cannelburg Mine site, Wildcat Hills Mine site, Cedar 
Stockpike and Cedar North) were weak, with no significant (P < 0.01) correlations with 
crop yield for the Cannelburg Mine site (corn or soybean) or the Wildcat Hills Mine site 
(wheat) (Tables 3.14-3.17).  Correlations (r ≥ 0.50) for the 4 fields were only detected 
between adjoining soil depth segments for TS, and between elevation and ECa (r = -0.59) 
for the Wildcat Hills Mine site (Tables 3.14-3.17). 
Correlations (r ≥ 0.50) for the Cedar West field, across years of CPT collection, 
were detected for adjoining soil depth segments for TS (Tables 3.18, 3.19).  Correlations 
were also detected between corn 2006 and soybean 2007 (r = 0.88 for 2006, r = 0.80 for 
2008) (Tables 3.18, 3.19).  Corn 2006 and soybean 2007 were negatively correlated with 
ECa for both CPT sampling times and with elevation for 2006.  Elevation and ECa were 
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 negatively correlated in 2006 (r = -0.60), however not as strongly in 2008 (r = -0.31).  
Although not strongly correlated, correlations for corn 2006 and soybean 2007 with TS at 
4 depth segments ranged from -0.48 to 0.07 in 2006 and -0.40 to 0.07 in 2008 (Tables 
3.18, 3.19).  The majority of these correlations were negative, indicating a crop yield 
reduction with higher soil strength.  Correlations with wheat 2008 were weak and 
difficult to interpret.  
Correlations (r ≥ 0.50) for the Cedar East field, across years of CPT collection, 
were detected for adjoining soil depth segments for TS and between corn 2006 and 
soybean 2007 (r = 0.98 for 2006, r = 0.87 for 2008, r = 0.74 for 2011) (Tables 3.20-3.22).  
Correlations for corn 2006 and soybean 2007 with ECa ranged from -0.41 to -0.10 across 
years of CPT collection, however were not as strong as for Cedar West.  Elevation and 
ECa were negatively correlated and ranged from r = -0.29 to -0.18 from 2006 to 2011, 
respectively.  Wheat 2008 was negatively correlated with elevation (r = -0.40 for 2006,   
r = -0.26 for 2008, r = -0.35 for 2011) and positively correlated with slope (r = 0.39 for 
2006, r = 0.56 for 2008, r = 0.47 for 2011) which suggests that wheat yield was reduced 
in field areas with higher elevation and low slope.  Although not strongly correlated, 
correlations for corn 2006 and soybean 2007 with TS at 4 depth segments ranged from     
-0.37 to 0.21 across years of CPT collection (Tables 3.20-3.22).  All correlations were 
negative, except between corn 2006 and soybean 2007 with TS 23-46 cm for CPT 
sampling in 2008.  These results indicate a reduction in crop yield with increased soil 
strength, similar to the Cedar West field. 
Correlations (r ≥ 0.50) for the Lewis Undisturbed field were detected among soil 
depth segments for TS and between soybean 2005 and TS 23-46 cm (Table 3.23).  While 
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 elevation and ECa data were not collected for this field, correlations among crop yield 
and TS at 4 depth segments were all positive, but weakly correlated.  The correlation 
between soybean 2005 and corn 2006 was r= 0.26 and non-significant (P > 0.05).  These 
results indicate that increased soil strength did not reduce crop yield.  Unlike soil strength 
data collected for disturbed fields, increased crop yield with soil strength for the Lewis 
Undisturbed field may indicate field areas with increased clay content and better water 
holding capacity. 
Correlations (r ≥ 0.50) for the Lewis West field, across years of CPT collection, 
were detected for adjoining soil depth segments for TS and among crop yield collected 
from 2005 to 2009 (Tables 3.24, 3.25).  Correlations (r ≥ 0.50) were detected among 
soybean 2005, corn 2006, soybean 2007 and corn 2008 while positive correlations          
(r = 0.31 to r = 0.46) were detected for soybean 2009 with the same crop yield data 
(Tables 3.24, 3.25).  Correlations for soybean 2005, corn 2006, soybean 2007, corn 2008 
and soybean 2009 with ECa ranged from -0.02 to 0.37 across years of CPT collection 
with stronger correlations for soybean compared to corn yield, except soybean 2009.  
Soybean 2009 yield was much lower than expected and the result of a reduction in 
soybean seeding rate to save cost for this year.  Data were included to investigate the 
change in management practices, however relationships with other variables may not be 
representative compared to soybean 2005 and 2007.  Elevation and ECa were negatively 
correlated (r = -0.44 for 2006, r = -0.51 for 2007).  Crop yield for all years collected and 
across time of CPT sampling were negatively correlated with elevation (r = -0.38 to         
-0.01) and positively correlated with slope (r = 0.01 to 0.54) which suggests that across 
years, crop yield was reduced in field areas with high elevation and low slope.  
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 Additionally, correlations for soybean 2005, corn 2006, soybean 2007 and corn 2008 
with TS at 4 depth segments ranged from -0.53 to 0.05 across years of CPT collection 
(Tables 3.24, 3.25).  The majority of these correlations were negative and of moderate 
strength (near 0.40) which indicated a reduction in crop yield with increased soil strength.  
The opposite was true for soybean 2009 which mostly had positive correlations to TS 
across soil depth segments. 
Correlations (r ≥ 0.50) for the Lewis East field were detected for adjoining soil 
depth segments for TS in 2006 and 2007 and among soil depth segments in 2005   
(Tables 3.26-3.28).  Correlations, while not as strong as the Lewis West field, were 
detected among soybean 2005, corn 2006, soybean 2007 and corn 2008 and ranged from 
r = 0.31 to r = 0.84 across years of CPT sampling.  In contrast, correlations of crop yield 
with soybean 2009 were weak and mostly negative (Tables 3.26-3.28).  Correlations for 
soybean 2005, corn 2006, soybean 2007, corn 2008 and soybean 2009 with ECa ranged 
from -0.38 to 0.28 across years of CPT collection with stronger negative correlations for 
corn compared to soybean yield, except soybean 2009.  Correlations for elevation and 
ECa were negative and weak and ranged from r = -0.11 to r = -0.03.  Crop yield for all 
years collected and across time of CPT sampling were negatively correlated with 
elevation (r = -0.35 to 0.10), except for corn 2006 and 2008 in 2005.  In addition, 
soybean 2009 was positively correlated with elevation across CPT sampling times.  This 
suggests that across years, crop yield was reduced in field areas with higher elevation.  
Additionally, correlations for soybean 2005, corn 2006, soybean 2007 and corn 2008 
with TS at 4 depth segments ranged from -0.56 to 0.13 across years of CPT collection 
(Tables 3.26-3.28).  The majority of these correlations were negative and of moderate 
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 strength (near 0.40) which indicated a reduction in crop yield with increased soil strength.  
The opposite was true for soybean 2009 which mostly had positive correlations to TS 
across soil depth segments.  Apparent soil electrical conductivity was negatively 
correlated with TS across soil depth segments, except for TS 91-114 cm in 2005. 
In summary, higher crop yield was associated with higher elevation, low ECa and 
low TS values across soil depth segments for the Cedar East and West fields, across years 
of CPT sampling.  Higher crop yield was associated with low elevation, high ECa and 
low TS values across soil depth segments for the Lewis West field, across years of CPT 
sampling.  Higher crop yield was associated with low elevation, low ECa and low TS 
values across soil depth segments for the Lewis East field, across years of CPT sampling.  
Correlations for elevation and ECa were consistently negative for the Cedar East, Cedar 
West and Lewis West fields, however much less so for the Lewis East field across CPT 
sampling times.  Correlations of ECa with TS across soil depth segments were stronger 
for the Lewis East field, however, compared to the other 3 fields.  This suggests that ECa 
was more closely related to water variation for the Cedar East, Cedar West and Lewis 
West fields and soil strength variation for the Lewis East field. 
For comparison, Kaspar et al. 2004 used factor analysis with soil and terrain 
variables to describe crop yield variability on a field in central Iowa.  Factor loadings 
were high (>0.70) and positively loaded for clay, C and ECa while negatively loaded for 
elevation, slope and sand.  This indicated a negative relationship between ECa and 
elevation.  Jung et al. 2005 examined the relationship of ECa in the horizontal and vertical 
positions at different heights to soil properties for a field in central Missouri.  Apparent 
soil electrical conductivity correlations ranged from 0.59 to 0.62 with elevation and were 
221 
 more correlated with clay at deeper soil depths (15 to 30 cm) compared to sand at 
shallower soil depths (0 to 7.5 cm).  The positive correlation between elevation and ECa 
was explained by water erosion which buried the claypan at low elevations and exposed 
the claypan at high elevations.  Correlations between corn and soybean yield with 
elevation were negative with < 15 cm of cumulative precipitation in July through August 
and positive above this threshold.  This was consistent for correlations between ECa and 
crop yield.  Officer et al. 2004 examined the relationship of shallow and deep bulk 
electrical conductivity (EC) with topography and fertility on two central Illinois and 
Missouri fields.  Results showed soil EC had a negative correlation with topography 
(high EC for low elevation) for the two Illinois fields.  Topography was positively 
correlated with soil EC for one Missouri field (other was inconsistent) due to erosion of 
topsoil which brought the claypan closer to the surface.  Doolittle et al. 1994 found a 
significant negative correlation between ECa and depth to claypan.  Kitchen et al. 1999 
found mostly negative correlations between ECa and crop yield across four fields in 
north-central Missouri.  Variability was attributed to depth to claypan and weather 
relationships.  Kitchen et al. 2003 examined the relationship of shallow and deep soil EC, 
topography and crop yield on three fields in Colorado, Kansas and Missouri.  
Correlations for soil EC between elevation and slope were positive for fields in Kansas 
and Missouri, however negative for the Colorado field.  Correlations for soil EC with 
crop yield were negative for fields in Kansas and Missouri, however mostly positive for 
the Colorado field.  This is consistent for the correlation between crop yield and 
elevation.  Differences in correlation were attributed to improved water holding capacity 
for the Colorado field (higher EC) and poor soil drainage with higher clay content subsoil 
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 for the Kansas and Missouri fields (higher EC).  Sudduth et al. 2003 compared ECa 
measurements from a noncontact EM38 and a coulter-based sensor, Veris 3100 (shallow 
and deep) on two Illinois and two Missouri fields.  Results showed that both types of 
sensor were similar in distinguishing relationships.  Correlations between clay and CEC 
to ECa from both sensors were significant.  This was consistent with fields in Michigan, 
Iowa, and Wisconsin as noted in a larger study (Sudduth et al., 2005). 
 
CORRELATION OF TIP STRENGTH, CROP YIELD, ELECTRICAL 
CONDUCTIVITY AND ELEVATION DATA AT 5 AND 10 M DATA SELECTION 
SCALES 
 
Correlations were calculated among TS at 4 soil depth segments (23-46 cm,      
46-69 cm, 69-91 cm and 91-114 cm) and crop yield, ECa, elevation at 5 and 10 m 
selection scales to investigate their inter-relationships (Tables 3.29-3.41).  Correlations 
were calculated for each CPT data set which contained at least one year of crop yield, 
which eliminated the Cypress Creek Mine site and the Cedar Stockpile and North fields.  
Correlations (r ≥ 0.50) for the Cannelburg and Wildcat Hills Mine sites were detected 
between adjoining soil depth segments for TS and between 5 and 10 m selection scales 
for crop yield, elevation and ECa (only collected for Wildcat Hills Mine site)          
(Tables 3.29, 3.30).  Stronger correlation was detected between elevation and ECa at the  
5 m scale (r = -0.71) compared to the 10 m scale (r = -0.59).  In addition, stronger 
correlations were detected between wheat yield and both ECa and elevation at the 5 m 
selection scale compared to the 10 m scale.  Selection scale differences were not apparent 
among other correlations. 
Correlations (r ≥ 0.50) for the Cedar West field, across years of CPT collection, 
were detected between adjoining soil depth segments for TS, and between 5 and 10 m 
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 selection scales for crop yield, elevation and ECa (Tables 3.31, 3.32).  Correlations         
(r ≥ 0.50) were also detected among crop yield, elevation and ECa across selection scales.  
Correlations between elevation and crop yield were consistently stronger (although 
minimally) for the 5 m elevation selection scale compared to the 10 m scale.  In addition, 
correlations between crop yield and TS at 4 soil depth segments tended to be stronger for 
the 5 m crop yield scale across CPT sampling times.  Correlations among crop yield and 
with ECa were inconsistent between selection scales. 
Correlations (r ≥ 0.50) for the Cedar East field, across years of CPT collection, 
were detected between adjoining soil depth segments for TS, and between 5 and 10 m 
selection scales for crop yield, elevation and ECa (Tables 3.33-3.35).  Correlations          
(r ≥ 0.50) were also detected among crop yield across selection scales.  Correlations 
between crop yield and TS at 4 soil depth segments did not indicate stronger correlations 
at the 5 m scale compared to the 10 m scale, except for soybean 2007 for CPT data 
collected in 2011.  In addition, correlations among crop yield were not improved using 
the 5 m selection scale.  Correlations of ECa with TS at 4 soils depths were consistently 
stronger (although minimally) for the 5 m selection scale compared to the 10 m scale.  
This was also consistent for ECa correlations with crop yield, except for selections made 
using CPT data points in 2006.  Correlations for elevation with TS at 4 soil depth 
segments were stronger for CPT sampling in 2011, however inconsistent for previous 
CPT sampling times and with crop yield. 
Correlations (r ≥ 0.50) for the Lewis Undisturbed field were detected among 
adjoining soil depth segments for TS, and between 5 and 10 m selection scales for crop 
yield (Table 3.36).  Correlations between crop yield and TS at 4 soil depth segments were 
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 not improved for the 5 m selection scale compared to the 10 m scale.  However, the 
correlation between soybean 2005 and corn 2006 was improved at the 5 m scale              
(r = 0.39) compared to the 10 m scale (r = 0.26). 
Correlations (r ≥ 0.50) for the Lewis West field, across years of CPT collection, 
were detected between adjoining soil depth segments for TS, and between 5 and 10 m 
selection scales for crop yield, elevation and ECa (Tables 3.37, 3.38).  Correlations         
(r ≥ 0.50) were also detected among crop yield across selection scales.  Correlations 
between crop yield and TS at 4 soil depth segments did not indicate stronger correlations 
at the 5 m scale compared to the 10 m scale, except for corn 2006 for CPT data collected 
in 2006.  In addition, correlations among crop yield were not improved using the 5 m 
selection scale.  Correlations of ECa with TS at 4 soil depth segments and crop yield were 
not improved for the 5 m selection scale compared to the 10 m scale, except crop yield 
for CPT data collected in 2006.  Elevation selected at the 5 m scale improved correlations 
with TS at 4 soil depth segments and with crop yield compared to the 10 m scale.  The 
correlation between ECa and elevation was not improved using the 5 m selection scale 
Correlations (r ≥ 0.50) for the Lewis East field, across years of CPT collection, 
were detected between adjoining soil depth segments for TS, and between 5 and 10 m 
selection scales for crop yield, elevation and ECa (Tables 3.39-3.41).  Correlations          
(r ≥ 0.50) were also detected among crop yield across selection scales.  Correlations 
between crop yield and TS at 4 soil depth segments did not indicate stronger correlations 
at the 5 m scale compared to the 10 m scale across CPT sampling times.  In addition, 
correlations among crop yield were not improved using the 5 m selection scale.  
Correlations of ECa with TS at 4 soil depth segments and crop yield were improved for 
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 the 5 m selection scale compared to the 10 m scale, except crop yield for CPT data 
collected in 2005.  Elevation selected at the 5 m scale improved correlations with TS at 4 
soil depth segments and with crop yield compared to the 10 m scale, except TS for CPT 
data collected in 2007.  The correlation between ECa and elevation was not improved for 
the 5 m selection scale 
In summary, correlations (r ≥ 0.50) were detected between adjoining soil depth 
segments for TS and between 5 and 10 m selection scales for crop yield, elevation and 
ECa across CPT sampling times and fields.  Correlations among crop yield were not 
improved using a 5 m selection scale compared to a 10 m selection scale, except the 
Lewis Undisturbed field.  Since soil variability was higher for disturbed fields compared 
to the Lewis Undisturbed field, larger crop yield selection scales may dilute noise 
otherwise found in small scale selection, thus providing a stronger correlation at large 
scale selections.  The opposite was true for the Lewis Undisturbed field which indicated 
that larger scale selections actually increased noise which was reduced at small scale 
selections.  Correlations between crop yield and TS at 4 soil depths were not improved 
using a 5 m selection scale, except for the Cedar West field.  This may be explained by 
higher terrain variability as compared to other fields, thus smaller scale selection of crop 
yield would improve correlation. 
Correlation of ECa with TS at 4 soil depth segments was improved using a 5 m 
selection scale compared to a 10 m selection scale for the Cedar East and Lewis East 
fields.  Correlation of ECa with crop yield was improved using a 5 m scale compared to a 
10 m scale for the same fields including the Wildcat Hills Mine site.  Increased 
correlation for ECa at smaller scales may be explained by variability due to swath 
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 distance during data collection.  Correlation of elevation with TS at 4 soil depth segments 
was improved using a 5 m selection scale compared to a 10 m selection scale for the 
Lewis West and East fields.  Correlation of elevation and crop yield was improved using 
a 5 m selection scale compared to a 10 m selection scale for the Wildcat Hills mine site, 
Cedar West, Lewis West and Lewis East fields.  Since elevation was collected at the 
same time as ECa, increased correlation at smaller scales may also reflect variability due 
to swath distance.  The correlation between ECa and elevation was improved using a 5 m 
selection scale compared to a 10 m selection scale only for the Wildcat Hills mine site.  
This may also be explained by increased terrain variability compared to other fields. 
These results indicate that correlations were affected by scale of data selection for 
crop yield, ECa and elevation.  Scale of data selection was important in maximizing 
correlation among these variables and with TS at 4 soil depth segments.  While overall 
improvements in correlation were small and sample size varied, correlations were 
nonetheless improved using a 5 m data selection scale compared to a 10 m selection 
scale, especially for ECa and elevation. 
 
MODEL DEVELOPMENT 
 
SPATIAL STRUCTURE 
 
VARIOGRAPHY OF ECa, ELEVATION AND CROP YIELD 
 
 Spatial structure of crop yield, ECa, elevation and CPT data were investigated, by 
direction, for the Cedar West and East and Lewis West and East fields.  Models 
developed for crop yield, ECa and elevation were further used in block kriging.  For the 
Cedar West field, models were developed for ECa, elevation, corn 2006, soybean 2007 
and wheat 2008 (Table 3.42).  Prior to fitting spatial models, all data were detrended for 
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 directional effects, except wheat 2008 which did not exhibit such effects.  For all data, 
two spherical models were found to be sufficient in modeling spatial structure (Table 
3.42).  Range of correlation varied from 0 to 90° from 108 to 98 m and from 166 to     
130 m for ECa and elevation, respectively (Table 3.42; Fig. 3.3).  Range of correlation for 
corn 2006, soybean 2007 and wheat 2008 yield varied from 0 to 90° from 168 to 95 m, 
56 to 103 m and 179 to 41 m, respectively (Table 3.42; Fig. 3.4).  Range of correlation 
was only lower in the N-S direction for soybean 2007, which indicated greater spatial 
continuity among measured data in the E-W direction compared to the N-S direction. 
 For the Cedar East field, models were developed for ECa, elevation, corn 2006, 
soybean 2007 and wheat 2008 (Table 3.43).  Prior to fitting spatial models, only elevation 
and wheat 2008 were detrended for directional effects.  For all data, two spherical models 
were found to be sufficient in modeling spatial structure, except ECa in which two 
gaussian models were used.  Range of correlation varied from 0 to 90° from 169 to 131 m 
for elevation (Table 3.43; Fig. 3.5).  Range of correlation varied from 0 to 90° from 50 to 
30 m with an increasing sill for ECa (Table 3.43; Fig. 3.5).  This indicated that while no 
apparent directional effect was present to detrend, an effect was still present for the E-W 
direction.  Range of correlation for corn 2006, soybean 2007 and wheat 2008 yield varied 
from 0 to 90° from 55 to 54 m, 51 to 90 m and 41 to 29 m, respectively (Table 3.43;    
Fig. 3.6).  Range of correlation was only lower in the N-S direction for soybean 2007, 
which indicated greater spatial continuity among measured data in the E-W direction 
compared to the N-S direction.  Range of correlation for crop yield data was lower for 
this field as compared to Cedar West.  Differences may be explained soil reconstruction 
patterns. 
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  For the Lewis West field, models were developed for ECa, elevation, soybean 
2005, corn 2006, soybean 2007, corn 2008 and soybean 2009 (Table 3.44).  Prior to 
fitting spatial models, all data were detrended for directional effects, except corn 2008 
and soybean 2009.  For all data, two spherical models were found to be sufficient in 
modeling spatial structure, except corn 2008 in which gaussian and spherical models 
were used.  Range of correlation varied from 0 to 90° from 82 to 88 m and 29 m to no fit 
for ECa and elevation, respectively (Table 3.44; Fig. 3.7).  Range of correlation for 
soybean 2005, corn 2006, soybean 2007, corn 2008 and soybean 2009 varied from 0 to 
90° from 8 to 100 m, 75 m to no sill, 117 to 86 m, 24 to 100 m and 16 to 14 m, 
respectively (Table 3.44; Fig. 3.8, 3.9).  Range of correlation was only higher in the N-S 
direction for soybean 2007 and 2009, which indicated greater spatial continuity among 
measured data in the E-W direction compared to the N-S direction. 
 For the Lewis East field, models were developed for ECa, elevation, soybean 
2005, corn 2006, soybean 2007, corn 2008 and soybean 2009 (Table 3.45).  Prior to 
fitting spatial models, all data were detrended for directional effects, except corn 2006, 
2008 and soybean 2009.  For all data, two spherical models were found to be sufficient in 
modeling spatial structure, except soybean 2007 in which gaussian and spherical models 
were used.  Range of correlation varied from 0 to 90° from 43 to 121 m and 73 to 28 m 
with increasing sills for ECa and elevation, respectively (Table 3.45; Fig. 3.10).  Range of 
correlation for soybean 2005, corn 2006, soybean 2007, corn 2008 and soybean 2009 
varied from 0 to 90° from 11 to 10 m, 22 m to no sill, 15 to 15 m, 14 to 80 m and 12 to  
23 m, respectively (Table 3.45; Fig. 3.11, 3.12).  Range of correlation was only higher in 
the N-S direction for elevation and soybean 2005, which indicated greater spatial 
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 continuity among measured data in the E-W direction compared to the N-S direction.  
Range of correlation for data on the Lewis East field was lower compared to the Lewis 
West field which indicated higher variability among values. 
 
VARIOGRAPHY OF TS AND FORCE DATA 
 
 Spatial structure of CPT and Force data were investigated, by direction, for the 
Cedar West and East and Lewis West and East fields.  Across CPT sampling time and 
Force soil depth segments for the Cedar West field, range of correlation for 0° ranged 
from 35 to 163 m with a mean of 73 m and 90° ranged from 42 to 102 m with a mean of 
59 m (Table 3.46; Fig. 3.13-3.15).  Range of correlation varied among soil depth 
segments with no consistent directional pattern, however correlation was mainly short-
range.  Spatial structure for CPT 08 was only present for 0° at soil depth segments of   
69-91 and 91-114 cm, thus did not contribute much to data summarization.  Across CPT 
sampling time and Force soil depth segments for the Cedar East field, range of 
correlation for 0° ranged from 29 to 104 m with a mean of 48 m and 90° ranged from 39 
to 126 m with a mean of 60 m (Table 3.47; Fig. 3.16-3.19).  Range of correlation was 
consistently higher for the 90° direction compared to the 0° direction which indicated that 
spatial continuity of soil strength was greater in the E-W direction compared to the N-S 
direction. 
 Across CPT sampling time and Force soil depth segments for the Lewis West 
field, range of correlation for 0° ranged from 46 to 142 m with a mean of 75 m and 90° 
ranged from 41 to 155 m with a mean of 68 m (Table 3.48; Fig. 3.20-3.22).  Range of 
correlation was consistently higher for the 0° direction compared to the 90° direction 
which indicated that correlation of soil strength was greater in the N-S direction 
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 compared to the E-W direction.  Across CPT sampling time and Force soil depth 
segments for the Lewis East field, range of correlation for 0° ranged from 44 to 124 m 
with a mean of 82 m and 90° ranged from 55 to 117 m with a mean of 70 m (Table 3.49; 
Fig. 3.23-3.26).  Spatial structure for CPT 05 was only present for 0° at a soil depth 
segment of 91-114 cm and CPT 06 for 0° at soil depth segments of 46-69 and 91-114 cm, 
thus did not contribute much to data summarization.  Range of correlation varied among 
soil depth segments with no consistent directional pattern, however correlation was 
mainly short range. 
 
COMPARISON OF ECa, ELEVATION AND CROP YIELD SELECTION METHODS 
 
 Three methods of ECa, elevation and crop yield selection were compared using 
logistic and linear regression for the Cedar West field CPT sampling times in 2006 and 
2008 and the Lewis West field in 2006 and 2007.  Specifically, 5 m, 10 m and block 
kriging estimates of ECa, elevation and crop yield were compared using logistic 
regression classification results and model R2 for linear regression.  Details for exact 
models are provided later in this chapter.  Comparison of the three selection methods on 
classification of observations using logistic regression for the Cedar West field in 2006 
did not indicate much difference among selection methods (Table 3.50).  While 
observation number was low for meeting bond release standards, especially for corn 06 
and soybean 07, correct classification of observations was highest for the 10 m selection, 
however not substantially improved compared to the 5 m and block kriging methods.  For 
wheat 08, the 10 m selection had the lowest correct classification for not meeting bond 
release standards while the highest correct classification for meeting bond release 
standards compared to the other two methods.  For the combined models, the opposite 
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 was true for classification results in which the 10 m selection had the highest correct 
classification for not meeting bond release standards while the lowest correct 
classification for meeting bond release standards.  Comparison of the three selection 
methods on regression model R2 indicated that the 10 m selection had a slightly higher 
model R2 for corn 06, soybean 07 and the combined model compared to the other 
selection methods (Table 3.51).  However, the block kriging selection method had the 
highest model R2 for wheat 08.  While the gain in explained model variability was not 
substantial with the 10 m selection method compared to the other methods, selections 
conducted at the 10 m scale were described better. 
 Similarly, comparison of the three selection methods on classification of 
observations using logistic regression for the Cedar West field in 2008 did not indicate 
much difference among selection methods (Table 3.52).  While observation number was 
low for meeting bond release standards, especially for corn 06 and soybean 07, correct 
classification of observations was highest for the 10 m selection, however not 
substantially improved compared to the 5 m and block kriging methods.  For wheat 08, 
the 10 m selection had the highest correct classification for not meeting bond release 
standards while the lowest correct classification for meeting bond release standards 
compared to the other two methods, opposite of 2006 results.  For the combined models, 
the 10 m selection had the highest correct classification for both meeting and not meeting 
bond release standards.  Comparison of the three selection methods on regression model 
R2 indicated that the 10 m selection had a slightly higher model R2 for corn 06 and 
soybean 07 compared to the other selection methods (Table 3.53).  However, the 5 m 
selection had the highest model R2 for wheat 08 and the combined model.  While the gain 
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 in explained model variability was not substantial with the 10 m selection method 
compared to the other methods, results were similar to 2006 in which selections 
conducted at the 10 m scale were described better. 
 Five meter, 10 m and block kriging estimates of ECa, elevation and crop yield 
were compared using logistic regression classification results and model R2 for linear 
regression for the Lewis West field in 2006.  Comparison of the three selection methods 
on classification of observations using logistic regression did not indicate much 
difference among selection methods (Table 3.54).  Correct classification of observations 
for meeting and not meeting bond release standards was similar among crop models and 
the combined model.  While correct classification was highest for the 5 m selection for 
corn 06, correct classification was highest for the 10 m selection for soybean 07.  Correct 
classification of the combined model for not meeting bond release standards was the 
highest for the 10 m selection, however was the highest for meeting bond release 
standards for the block kriging selection method.  Comparison of the three selection 
methods on regression model R2 indicated that the 10 m selection had a slightly higher 
model R2 for all regression models compared to the other selection methods (Table 3.55).  
While the gain in explained model variability was not substantial with the 10 m selection 
method compared to the other methods, selections conducted at the 10 m scale were 
described better. 
 Similarly, comparison of the three selection methods on classification of 
observations using logistic regression for the Lewis West field in 2007 did not indicate 
much difference among selection methods (Table 3.56).  Correct classification of 
observations for meeting and not meeting bond release standards was similar among crop 
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 models and the combined model.  Correct classification of observations for meeting bond 
release standards was consistently higher using the 10 m selection for corn 06, soybean 
07, corn 08 and the combined model.  Comparison of the three selection methods on 
regression model R2 indicated that the 10 m selection had a slightly higher model R2 for 
all regression models compared to the other selection methods (Table 3.57).  While the 
gain in explained model variability was not substantial with the 10 m selection method 
compared to the other methods, selections conducted at the 10 m scale were described 
better. 
 Overall, the 10 m selection method provided slightly better classification of 
observations using logistic regression and higher regression model R2 in explaining crop 
variability.  While improvement over the other selection methods was small, this 
selection method was chosen to best represent ECa, elevation and crop yield. 
 
REGRESSION ANALYSIS 
 
CYPRESS CREEK 
 
 Only CPT data were collected for Cypress Creek in 2005.  Since crop yield was 
not collected for this site, only a visual analysis of TS at 4 soil depth segments (23-46, 
46-69, 69-91, 91-114 cm) and depth to compaction was conducted.  Standardized mean 
TS at the 4 soil depth segments indicated higher values along field edges for the upper 
soil depth segments (23-46 and 46-69 cm) and in the middle of the field for lower soil 
depth segments (69-91 and 91-114 cm) (Fig. 3.27).  In addition, depth to compaction was 
higher (deeper soil depth until compacted layer) for the lower and upper middle field 
portions (Fig. 3.28).  While based only on soil strength, these results indicate higher crop 
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 yield potential for the upper and lower middle portions of the Cypress Creek Mine site.  
However, crop yield data are needed to verify these conclusions. 
 
CANNELBURG 
 
PRINCIPAL COMPONENT AND FACTOR ANALYSIS DESCRIPTION 
 
 Principal component and factor analyses were conducted using CPT variables, 
elevation and topographical derivatives for the Cannelburg Mine site (Table 3.58).  Six 
PC and 5 FA derived variables were found to have eigenvalues greater than one.  
Interpretation of PC and FA derived variables varied (using 0.40 as an influential loading 
cutoff), however described soil strength and water relationships.  Principal component 
one was positively loaded with TS and SS across all soil depth segments and negatively 
loaded with depth to compaction and VM across all soil depth segments.  Large PC1 
scores were indicative of higher soil strength while low PC1 scores were indicative of 
higher soil moisture and deeper soil depth to compaction.  Principal component two was 
positively loaded with SS and VM at 23-46 cm, SS 46-69 cm, profile curvature, TWI and 
SPI and negatively loaded with plan curvature.  Higher PC2 scores were indicative of soil 
textural differences (as measured by SS) and direction and rate of water flow (profile 
curvature, TWI, SPI) while low PC2 scores were indicative of water flow divergence 
(plan curvature).  Principal component three was positively loaded with SS at 69-91 cm, 
and TS and SS at 91-114 cm and negatively loaded with TS at 23-46 cm and TS and SS 
at 46-69 cm.  This indicated a distinction between soil strength at upper soil depth 
segments (24-46 and 46-69 cm) and lower soil depth segments (69-91 and 91-114 cm).  
Principal component four was positively loaded with VM across all soil depth segments 
and SS at the 69-91 and 91-114 cm soil depth segments while negatively loaded with 
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 profile curvature.  This indicated a distinction between soil moisture and textural 
differences at deeper soil depth segments with water flow rate across the surface.  
Principal component five was only positively loaded with slope and SPI, which indicated 
a distinction for water flow rate.  Principal component six was positively loaded with SS 
at 23-46 cm and negatively loaded with VM at 91-114 cm.  The interpretation of PC6 
was not clear and may be attributed to partitioning of remaining variability for these 
specific variables. 
 Factor variable one was positively loaded for TS and SS at 23-46 cm and TS and 
SS at 46-69 cm while negatively loaded with depth to compaction.  Large FA1 scores 
were indicative of higher soil strength values for the upper soil depth segments while low 
FA1 scores were indicative of a deeper soil depth to compaction.  Factor variable two 
was positively loaded with VM across all soil depth segments and negatively loaded with 
TS at 23-46 cm and 91-114 cm.  This appeared to be a contrast between soil strength and 
moisture.  Factor variable three was only positively loaded TS and SS at both the 69-91 
cm and 91-114 cm soil depth segments.  Large FA3 scores were indicative of higher soil 
strength deeper in the soil profile.  Factor variable four was positively loaded with profile 
curvature, TWI and SPI while negatively loaded with plan curvature.  This appeared to be 
a distinction between rate of water flow and water flow divergence across the surface.  
Factor variable five was positively loaded with slope and negatively loaded with SS at 
23-46 cm.  This appeared to be a contrast between surface water flow and soil texture 
near the surface. 
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 REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn and soybean yield in 2005 and 
2006, respectively, for the Cannelburg Mine site (Table 3.59).  Six PC and 5 FA derived 
variables were used as independent variables to describe crop yield from both years.  
Principal component two and PC5 were significant (P < 0.10) in describing corn yield 
(model R2 = 0.24) while PC2 and PC3 were significant in describing soybean yield 
(model R2 = 0.22), even though explained crop yield variability was low for both years.  
Since both PC2 and PC5 regression coefficients were negative in describing corn yield, 
this indicated that low scores for both were related to higher corn yield.  Low PC2 scores 
were indicative of low soil strength (SS) and high water flow divergence (plan curvature) 
while low PC5 scores were indicative of low slope and SPI (erosion).  This indicated that 
higher corn yield was located in field areas not affected by water runoff and ponding.  
Likewise, the PC2 coefficient was negative in describing soybean yield while the 
coefficient for PC3 was positive.  The positive PC3 coefficient indicates that low soil 
strength in the upper profile and higher soil strength deeper in the profile was related to 
higher soybean yield.  Again, as suggested with corn yield, field areas with lower soil 
strength values in the upper profile and not susceptible to water runoff or ponding were 
consistently higher in crop yield both years.  This is in agreement with crop yield patterns 
which show the highest standardized crop yield in the elongated portion of this field  
(Fig. 3.29).  Standardized mean TS was lower while depth to compaction was higher for 
this field area (Fig. 3.30, 3.31).  Standardized elevation was lower compared to the rest of 
the field in this area (Fig. 3.31). 
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  Factor variables one, FA4 and FA5 were significant (P < 0.10) in describing corn 
yield (model R2 = 0.22) while FA1 and FA4 were significant in describing soybean yield 
(model R2 = 0.22), even though explained crop yield variability was low for both years.  
Since both FA1, FA4 and FA5 regression coefficients were negative in describing corn 
yield, this indicated that low scores for both were related to higher corn yield.  Low FA1 
scores were indicative of low soil strength in the upper profile and deeper depth to 
compaction.  Low FA4 scores were indicative of higher high water flow divergence (plan 
curvature) and low water ponding.  Low FA5 scores were indicative of low slope and 
higher SS values at the 23-46 cm soil depth segment.  This variable appeared to be a 
distinction of surface flow and not indicative of high soil strength.  This indicated that 
higher corn yield was located in field areas with low soil strength in the upper profile and 
not affected by water runoff and ponding.  Likewise, coefficients for FA1 and FA4 were 
negative in describing soybean yield, consistent with corn yield.  This indicated a similar 
explanation of crop yield for both years 
 
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn and soybean yield in 
2005 and 2006, respectively, for the Cannelburg Mine site (Table 3.60).  Six PC and 5 
FA derived variables were used as independent variables to describe combined crop yield 
from both years.  Crop yield was standardized, by year, prior to regression analysis.  
Principal component two, PC3 and PC5 were significant (P < 0.10) in describing 
combined crop yield (model R2 = 0.18), even though explained crop yield variability was 
low.  Factor variable one, FA4 and FA5 were significant in describing combined crop 
yield (model R2 = 0.17), even though explained crop yield variability was low.  As 
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 described in the last section for both PCA and FA, these variables indicate that field areas 
with lower soil strength values in the upper profile and not susceptible to water runoff or 
ponding were consistently higher in crop yield both years. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn and 
soybean yield in 2005 and 2006, respectively, for the Cannelburg Mine site (Table 3.61).  
Two clusters were developed to represent low and high crop yield across years.  Six PC 
and 5 FA derived variables were used as discriminating variables to distinguish combined 
crop yield clusters.  The cross-validation method for classifying observations was used to 
assess the percentage of correctly and incorrectly classifying observations into respective 
crop yield clusters.  Using variables derived from PCA, 59% of observations were 
correctly classified into the high crop yield cluster and 74% correctly classified into the 
low crop yield cluster.  Overall, the total error rate for classification was 33%.  Using 
variables derived from FA, 61% of observations were correctly classified into the high 
crop yield cluster and 67% correctly classified into the low crop yield cluster.  Overall, 
the total error rate for classification was 36%.  These results indicate that variables 
derived using PCA or FA can adequately distinguish between low and high crop yield 
categories. 
 
WILDCAT HILLS 
 
PRINCIPAL COMPONENT AND FACTOR ANALYSIS DESCRIPTION 
 
 Principal component and factor analyses were conducted using CPT variables, 
ECa, and elevation and topographical derivatives for the Wildcat Hills Mine site      
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 (Table 3.62).  Seven PC and 5 FA derived variables were found to have eigenvalues 
greater than one.  Interpretation of PC and FA derived variables varied (using 0.40 as an 
influential loading cutoff), however described soil strength and water relationships.  
Principal component one was positively loaded with TS across all soil depth segments, 
SS at 46-69 and 69-91 cm, and elevation and negatively loaded with VM across all soil 
depth segments, depth to compaction, slope and SPI.  Large principal component one 
scores were indicative of higher soil strength and elevation while low PC1 scores were 
indicative of higher soil moisture and deeper soil depth to compaction.  Principal 
component two was positively loaded with TS and SS at 69-91 cm and 91-114 cm, ECa 
and slope and negatively loaded with TWI.  Higher PC2 scores were indicative of higher 
soil strength at deeper soil depths and slope while low PC2 scores were indicative of soil 
water content (TWI).  Principal component three was positively loaded with TS and SS at 
23-46 cm and 46-69 cm, TWI and SPI and negatively loaded with elevation.  This 
indicated a distinction between soil strength at upper soil depth segments (24-46 and    
46-69 cm), soil water content and flow compared to elevation.  Principal component four 
was positively loaded with VM at 23-46 cm, elevation and plan curvature while 
negatively loaded with SPI.  This indicated a contrast between higher elevation and plan 
curvature compared to higher water flow (SPI).  Principal component five was positively 
loaded with slope and plan curvature while negatively loaded with profile curvature and 
TWI.  This indicated a distinction between the rate of water flow divergence (slope and 
plan curvature) and water flow accumulation (profile curvature and TWI).  Principal 
component six was positively loaded with SS at 46-69 cm and profile curvature and 
negatively loaded with VM at 23-46 cm.  Principal component seven was only negatively 
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 loaded with SS at 46-69 cm.  The interpretation of PC6 and was not clear and may be 
attributed to partitioning of remaining variability for these specific variables.  Principal 
component seven described specific variability attributed to SS 46-69 cm. 
 Factor variable one was positively loaded with TS and SS at 69-91 cm and        
91-114 cm while negatively loaded with VM at 91-114 cm and depth to compaction.  
Large FA1 scores were indicative of higher soil strength values at lower soil depth 
segments while low FA1 scores were indicative of a deeper soil depth to compaction and 
higher soil moisture.  Factor variable two was only positively loaded with TS and SS at 
23-46 cm and 46-69 cm and TWI.  Large FA2 values were indicative of high soil strength 
values at upper soil depth segments and higher TWI.  Factor variable three was only 
positively loaded with VM at 23-46 cm, 46-69 cm and 69-91 cm.  Large FA3 scores were 
indicative of higher soil moisture in the profile.  Factor variable four was positively 
loaded with ECa, slope and SPI while negatively loaded with elevation.  This appeared to 
be a distinction between higher elevation and rate of water flow and accumulation.  
Factor variable five was positively loaded with slope and plan curvature and negatively 
loaded with TWI.  This appeared to be a contrast between rate of water flow divergence 
(slope and plan curvature) and soil water content (TWI). 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using wheat yield in 2006 for the Wildcat 
Hills Mine site (Table 3.63).  Seven PC and 5 FA derived variables were used as 
independent variables to describe wheat yield.  Principal component one and PC7 were 
significant (P < 0.10) in describing wheat yield (model R2 = 0.31), even though explained 
wheat yield variability was low.  Since both PC1 and PC7 regression coefficients were 
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 positive in describing wheat yield, this indicated that high scores for both were related to 
higher wheat yield.  High PC1 scores were indicative of higher TS across all soil depth 
segments, SS at 46-69 and 69-91 cm, and elevation.  High PC7 scores were indicative of 
low SS at 46-69 cm.  This indicated that higher wheat yield was located in field areas 
with higher soil strength, higher elevation and low SS at 46-69 cm.  The contradiction of 
higher soil strength yet low SS at 46-69 cm may be due to higher soil strength primarily 
found in field areas with higher elevation.  While low SS at 46-69 cm was important in 
achieving high wheat yield, the correlation between soil strength and elevation was not 
able to be separated in PC1.  Thus, field areas with lower SS 46-69 and higher elevation 
were important in achieving higher wheat yield.  This is in agreement with wheat yield 
patterns which show the highest standardized wheat yield on the southern half of this 
field (Fig. 3.32).  Standardized mean TS was also higher for this field portion for upper 
soil depths (23-46 and 46-69 cm) while depth to compaction was higher (deeper depth to 
compacted soil layer) for most field areas (Fig. 3.33, 3.34 A).  Standardized elevation 
was higher and ECa was lower compared to the rest of the field in this area                 
(Fig. 3.34 B, C).  Higher wheat yield on the southern portion of this field may also be due 
to rainfall patterns.  Rainfall was lower than the 30-year average for the majority of the 
growing season in 2006, however higher than the average (210 compared to 119 mm) in 
March.  This may have contributed to higher wheat yield on field areas with higher 
elevation. 
 Factor variable four was significant (P < 0.10) in describing wheat yield (model 
R2 = 0.13), even though explained wheat yield variability was low.  Since the regression 
coefficient for FA4 was negative in describing wheat yield, this indicated that low scores 
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 were related to higher wheat yield.  Low FA4 scores were indicative of higher elevation, 
thus higher wheat yield was located in field areas with higher elevation.  This was a 
similar explanation of wheat yield variability as noted using derived PC variables.  
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using wheat yield for the 
Wildcat Hills Mine site (Table 3.64).  Two clusters were developed to represent low and 
high wheat yield across years.  Seven PC and 5 FA derived variables were used as 
discriminating variables to distinguish combined wheat yield clusters.  The               
cross-validation method for classifying observations was used to assess the percentage of 
correctly and incorrectly classifying observations into respective wheat yield clusters.  
Using variables derived from PCA, 63% of observations were correctly classified into the 
high crop yield cluster and 75% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 31%.  Using variables derived from FA, 
72% of observations were correctly classified into the high crop yield cluster and 46% 
correctly classified into the low crop yield cluster.  Overall, the total error rate for 
classification was 41%.  These results indicate that variables derived using PCA can 
adequately distinguish between low and high wheat yield categories, however variables 
derived using FA have a higher error rate. 
 
COMPARISON OF PCA AND FA 
 
 Variables derived using PCA or FA performed similarly in describing crop yield 
for both Cannelburg and Wildcat Hills Mine sites.  For the Cannelburg Mine site, corn 
yield variation explained was R2 = 0.24 using variables derived from PCA compared to 
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 R2 = 0.22 for variables derived using FA.  Soybean yield variation explained was           
R2 = 0.22 using variables derived from either PCA or FA.  Combined crop yield variation 
explained was R2 = 0.18 using variables derived from PCA compared to R2 = 0.17 for 
variables derived using FA.  Total error rate for discrimination between high and low 
crop yield categories was 33% for variables derived using PCA compared to 36% for 
variables derived using FA.  For the Wildcat Hills Mine site, wheat yield variation 
explained was R2 = 0.31 using variables derived from PCA compared to R2 = 0.13 for 
variables derived using FA.  Total error rate for discrimination between high and low 
crop yield categories was 32% for variables derived using PCA compared to 41% for 
variables derived using FA.  Since variables derived using PCA or FA were similar in 
describing crop yield variation by and across years, only PCA will be further used.  In 
addition, interpretation of significant variables derived using PCA or FA were similar in 
describing crop yield. 
 
CEDAR CREEK 
 
CEDAR STOCKPILE 
 
Only CPT data were collected for Cedar Stockpile in 2007.  Since crop yield was 
not collected for this field, only a visual analysis of TS at 4 soil depth segments (23-46, 
46-69, 69-91, 91-114 cm) and depth to compaction was conducted.  Standardized mean 
TS at the 4 soil depth segments indicated higher values in the middle to southwest portion 
of this field across all soil depth segments, except for part of the 69-91 cm depth segment 
(Fig. 3.35).  In addition, depth to compaction was lower (shallower soil depth until 
compacted layer) for this field portion, even exhibiting a path through the middle of the 
field (Fig. 3.36).  While based only on soil strength, these results indicate higher crop 
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 yield potential for the northwest portion of the Cedar Stockpile field.  However, crop 
yield data are needed to verify these conclusions. 
 
CEDAR NORTH 
 
Only CPT data were collected for Cedar North in 2007.  Since crop yield was not 
collected for this field, only a visual analysis of TS at 4 soil depth segments (23-46,      
46-69, 69-91, 91-114 cm) and depth to compaction was conducted.  Standardized mean 
TS at the 4 soil depth segments indicated higher values in the middle to southern portion 
of this field across all soil depth segments, except for part of the 69-91 cm depth segment 
(Fig. 3.37).  In addition, depth to compaction was lower (shallower soil depth until 
compacted layer) for this field portion (Fig. 3.38).  While based only on soil strength, 
these results indicate higher crop yield potential for the northern portion of the Cedar 
North field.  However, crop yield data are needed to verify these conclusions. 
 
CEDAR WEST 
 
2006 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Cedar West field (Table 3.65).  Ten PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with TS 
and SS at 23-46 cm, SS and VM at 46-69 cm, SS at 69-91 cm, VM at 91-114 cm, ECa, 
profile curvature, SPI, EC across all soil depth segments and Force at the 23-46 and     
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 46-69 cm depth segments.  Principal component one was negatively loaded with depth to 
compaction, elevation and carbon at the 69-91 and 91-114 cm soil depth segments.  Large 
PC1 scores were indicative of higher soil strength in the upper soil depth segments, 
higher soil moisture in the lower soil depth segments, and higher electrical conductivity 
while low PC1 scores were indicative of deeper depth to compaction, higher elevation 
and higher carbon at deeper soil depth segments.  Principal component two was 
positively loaded with TS at the 46-69 cm soil depth segment, TS and SS at the 69-91 and 
91-114 cm soil depth segments and carbon at the 23-46 cm soil depth segment while 
negatively loaded with ECa and EC at the 23-46 and 69-91 cm soil depth segments.  
Higher PC2 scores were indicative of higher soil strength at deeper soil depths while low 
PC2 scores were indicative of higher electrical conductivity.  Principal component three 
was positively loaded with elevation and Force at the 69-91 and 91-114 cm soil depth 
segments while negatively loaded with SPI, carbon at the 23-46 cm soil depth segment 
and Force at the 23-46 cm soil depth segment.  This indicated a distinction between 
elevation and soil strength at deeper soil depth segments (69-91 and 91-114 cm) and soil 
strength and carbon in the upper depth segment and water flow.  Principal component 
four was positively loaded with VM at the 69-91 cm depth segment, depth to compaction 
and plan curvature while negatively loaded with profile curvature, TWI and SPI.  This 
indicated a distinction between soil moisture at a deeper soil depth and soil depth to a 
compacted layer and water flow acceleration and divergence.  Principal component five 
was positively loaded with VM at the 23-46 cm depth segment, depth to compaction and 
TWI while negatively loaded with TS at the 23-46 and 46-69 cm soil depth segments and 
slope.  This indicated a distinction between surface water and depth to compaction and 
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 soil strength in the upper soil depth segments along with slope.  Principal component six 
was only positively loaded with VM at the 46-69 soil depth segment, VM at the            
91-114 cm soil depth segment and carbon at the 69-91 soil depth segment.  Higher PC6 
scores were indicative of higher soil water content and carbon in the deeper soil depth 
segments.  Principal component seven was only positively loaded with Force at the 23-46 
and 46-69 cm soil depth segments indicating higher soil strength in the upper soil depth 
segments.  Principal components eight, nine and ten were only loaded positively with 
carbon at the 46-69 cm soil depth segment, carbon at the 91-114 cm soil depth segment 
and carbon at the 69-91 cm soil depth segment, respectively, indicating a partitioning of 
remaining variability for these specific variables. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn, soybean and wheat yield in 2006, 
2007 and 2008, respectively, for the Cedar West field (Table 3.66).  Ten PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component one, PC5 and PC6 were significant (P < 0.10) in describing corn 
yield (model R2 = 0.61) while PC1 was significant in describing soybean yield (model   
R2 = 0.66).  No principal components were found to be significant in describing wheat 
yield.  Since PC1, PC5 and PC6 regression coefficients were negative in describing corn 
yield, this indicated that low scores were related to higher corn yield.  Low PC1 scores 
were indicative of low soil strength, deeper depth to compaction, higher elevation and 
higher carbon at deeper soil depth segments.  Low PC5 scores were indicative of higher 
TS at the 23-46 and 46-69 cm soil depth segments and slope values.  Low PC6 scores 
were indicative of lower soil water content and carbon at the deeper soil depth segments.  
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 This indicated that higher corn yield was located in field areas with low soil strength, 
deeper depth to compaction, higher elevation and higher C values.  While PC5 also 
indicated that higher corn yield was related to higher soil strength in the upper soil depth 
segments, the relationship seemed to be more reflective of slope rather than TS values.  
The relationship was also consistent for soybean yield.  This is in agreement with crop 
yield patterns which show the highest standardized crop yield in the middle portion of 
this field (Fig. 3.39 A, B).  Wheat yield patterns are opposite and appear to be highest in 
the lowest lying field areas (Fig. 3.39 C).  Standardized mean TS was lower while depth 
to compaction was higher for this field area (Fig. 3.40, 3.41 A).  Standardized elevation 
was higher and ECa was lower compared to the rest of the field in this area                 
(Fig. 3.41 C, D).  Standardized mean Force and EC were lower (Fig. 3.42, 3.43) while C 
and OM were higher (Fig. 3.44, 3.45) in these field areas across soil depth segments. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn, soybean and wheat 
yield in 2006, 2007 and 2008, respectively, for the Cedar West field (Table 3.67).  Ten 
PC derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  Only 
PC1 and a categorical soybean variable compared to the wheat response were significant 
(P < 0.10) in describing combined crop yield (model R2 = 0.37), even though explained 
crop yield variability was low.  As described in the last section, a negative PC1 estimate 
indicated low soil strength, deeper depth to compaction, higher elevation and higher 
carbon at deeper soil depth segments.  A significant difference between soybean and 
wheat responses can be attributed to crop and weather differences.  While precipitation 
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 was above average (101 compared to 48 mm) in February 2008, it was below average for 
March through May.  This would explain higher wheat yield in the lowest field areas. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn, soybean 
and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar West field (Table 
3.68).  Two clusters were developed to represent low and high crop yield across years.  
Ten PC derived variables were used as discriminating variables to distinguish combined 
crop yield clusters.  The cross-validation method for classifying observations was used to 
assess the percentage of correctly and incorrectly classifying observations into respective 
crop yield clusters.  Using variables derived from PCA, 67% of observations were 
correctly classified into the high crop yield cluster and 71% correctly classified into the 
low crop yield cluster.  Overall, the total error rate for classification was 31%.  These 
results indicate that variables derived using PCA can adequately distinguish between low 
and high crop yield categories across years. 
 
2008 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Cedar West field (Table 3.69).  Seven PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with 
ECa and EC across all depth segments while negatively loaded with depth to compaction, 
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 elevation and carbon and OM at all soil depth segments except for carbon at the           
91-114 cm depth segment.  Large PC1 scores were indicative of higher soil electrical 
conductivity while low PC1 scores were indicative of high elevation, deeper depth to 
compaction and higher C and OM across soil depth segments.  Principal component two 
was only positively loaded with TS, SS and Force at all soil depth segments, except Force 
at the 23-46 cm depth segment.  Higher PC2 scores were indicative of high soil strength.  
Principal component three was positively loaded with TWI, SPI, C at the 46-69 cm depth 
segment and C and EC at the 69-91 cm and 91-114 cm depth segments while negatively 
loaded with elevation and plan curvature.  This indicated a distinction between water 
accumulation and soil quality at deeper soil depth segments and water flow.  Principal 
component four was positively loaded with TS at the 23-46 cm depth segment, depth to 
compaction and Force at the 69-91 cm and 91-114 cm soil depth segments while 
negatively loaded with TS and SS at the 91-114 cm soil depth segments and C and OM at 
the 23-46 cm soil depth segment.  Higher PC4 scores were indicative of deeper soil depth 
to compaction, however higher soil strength for deeper soil depth segments while lower 
PC4 scores were indicative of higher soil quality in the upper soil depth segment and 
higher soil strength in the deeper soil depth segment.  This PC indicated a distinction 
between soil strength at deeper soil depths as measured by different soil probes.  
Principal component five was positively loaded with C and OM at the 91-114 cm depth 
segment while negatively loaded with Force at the 23-46 soil depth segment.  This 
indicated a distinction between soil quality at the deeper soil depth segment and soil 
strength in the upper soil depth segment.  Principal component six was positively loaded 
with plan curvature while negatively loaded with profile curvature which indicated a 
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 distinction between water flow divergence and acceleration.  Principal component seven 
was positively loaded with slope while negatively loaded with TWI which indicated a 
distinction between water flow and accumulation. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn, soybean and wheat yield in 2006, 
2007 and 2008, respectively, for the Cedar West field (Table 3.70).  Seven PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component one, PC2 and PC3 were significant (P < 0.10) in describing corn 
yield (model R2 = 0.58) while PC1 and PC2 were significant in describing soybean yield 
(model R2 = 0.52).  No principal components were found to be significant in describing 
wheat yield.  Since PC1, PC2 and PC3 regression coefficients were negative in 
describing corn yield, this indicated that low scores were related to higher corn yield.  
Low PC1 scores were indicative of high elevation, deeper depth to compaction and 
higher C and OM across soil depth segments.  Low PC2 scores were indicative of low 
soil strength.  Low PC3 scores were indicative of higher elevation and plan curvature.  
This indicated that higher corn yield was located in field areas with low soil strength, 
deeper depth to compaction, higher elevation and higher C and OM values.  The 
relationship was also consistent for soybean yield.  This was in agreement with results 
from CPT sampling in 2006.  Standardized mean TS was also lower for this field area 
(Fig. 3.46).  Due to an issue with the TS sensor in 2008, data were scaled back and depth 
to compaction was consistently deep, however may not be representative of field 
variability (Fig. 3.41 B). 
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 REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn, soybean and wheat 
yield in 2006, 2007 and 2008, respectively, for the Cedar West field (Table 3.71).  Seven 
PC derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  
Principal component one, PC2 and the interaction of depth to compaction with spring and 
summer precipitation were significant (P < 0.10) in describing combined crop yield 
(model R2 = 0.23), even though explained crop yield variability was low.  As described in 
the last section, a negative PC1 estimate indicated high elevation, deeper depth to 
compaction, low soil strength and higher C and OM across soil depth segments.  A 
significant interaction between depth to compaction and summer and spring precipitation 
indicated that precipitation patterns differed, thus influencing crop response to soil 
strength. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn, soybean 
and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar West field        
(Table 3.72).  Two clusters were developed to represent low and high crop yield across 
years.  Seven PC derived variables were used as discriminating variables to distinguish 
combined crop yield clusters.  The cross-validation method for classifying observations 
was used to assess the percentage of correctly and incorrectly classifying observations 
into respective crop yield clusters.  Using variables derived from PCA, 78% of 
observations were correctly classified into the high crop yield cluster and 75% correctly 
classified into the low crop yield cluster.  While the high crop yield cluster contained 
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 higher yield for corn and soybean, it contained lower yield for wheat.  Higher wheat yield 
was found in lower elevation areas due to precipitation patterns, opposite the corn and 
soybean response.  Overall, the total error rate for classification was 24%.  These results 
indicate that variables derived using PCA can adequately distinguish between low and 
high crop yield categories across years. 
 
COMBINED ANALYSIS 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted across CPT data sets, elevation and 
topographical derivatives for the Cedar West field (Table 3.73).  Nine PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with SS 
at the 23-46 cm, 46-69 cm and 69-91 cm soil depth segments, ECa, SPI, and EC across all 
soil depth segments while negatively loaded with elevation, and C and OM across all soil 
depth segments.  Large PC1 scores were indicative of higher soil electrical conductivity, 
water accumulation and clay while low PC1 scores were indicative of high elevation and 
higher C and OM across soil depth segments.  Principal component two was only 
positively loaded with TS and SS at the 23-46 cm, 46-69 cm and 69-91 cm soil depth 
segments and OM and Force at the 46-69 cm and 69-91 cm soil depth segments.  Higher 
PC2 scores were indicative of high soil strength and OM at the middle soil depth 
segments.  Principal component three was positively loaded with TWI, SPI, C at the     
46-69 cm and 69-91 cm soil depth segments and EC at the 91-114 cm soil depth segment 
while negatively loaded with elevation.  This indicated a distinction between water 
253 
 accumulation and soil quality at deeper soil depth segments and water flow.  Principal 
component four was positively loaded with TS at the 23-46 cm depth segment and Force 
at the 69-91 cm and 91-114 cm soil depth segments while negatively loaded with TS and 
SS at the 91-114 cm soil depth segments and C and OM at the 23-46 cm soil depth 
segment.  Higher PC4 scores were indicative of higher soil strength for deeper soil depth 
segments while lower PC4 scores were indicative of higher soil quality in the upper soil 
depth segment and higher soil strength in the deeper soil depth segment.  This PC 
indicated a distinction between soil strength at deeper soil depths as measured by 
different soil probes.  Principal component five was positively loaded with TS and SS at 
the 91-114 cm soil depth segment and C at the 69-91 cm and 91-114 cm soil depth 
segment while negatively loaded with TS at the 23-46 soil depth segment.  This indicated 
a distinction between soil quality and strength at the deeper soil depth segment and soil 
strength in the upper soil depth segment.  Principal component six was positively loaded 
with slope and plan curvature while negatively loaded with profile curvature and TWI 
which indicated a distinction between water flow speed and divergence and deceleration 
and accumulation.  Principal component seven was positively loaded with plan curvature 
while negatively loaded with slope and profile curvature which indicated a distinction 
between water flow divergence and acceleration.  Principal component eight was only 
positively loaded with Force at the 23-46 cm and 46-69 cm soil depth segments which 
indicated a distinction in soil strength for the upper soil depth segments.  Principal 
component nine did not contain any influential loadings. 
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 REGRESSION ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Regression analysis was conducted across CPT data sets using combined corn, 
soybean and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar West field 
(Table 3.74).  Nine PC derived variables were used as independent variables to describe 
combined CPT data sets and crop yield across years.  Cone penetrometer data sets and 
crop yield were standardized, by set and year, prior to regression analysis.  Principal 
component one, PC2, PC3, PC8, PC9 and the interaction of depth to compaction with 
spring and summer precipitation were significant (P < 0.10) in describing combined CPT 
data sets and crop yield (model R2 = 0.29), even though explained crop yield variability 
was low.  The difference between CPT data sets (2006 and 2008) was tested as well as 
crop x CPT data set interactions, however none were found to be significant.  Low PC1 
scores were indicative of high elevation and higher C and OM across soil depth 
segments.  Lower PC2 scores were indicative of low soil strength and OM at the middle 
soil depth segments.  Low PC3 scores were indicative of higher elevation.  Higher PC8 
scores were indicative of higher soil strength in the upper soil depth segments while PC9 
was not well understood.  Although significant, PC8 and PC9 may not describe 
meaningful soil relationships since the amount of data variability described is very low.  
A significant interaction between depth to compaction and summer and spring 
precipitation indicated that precipitation patterns differed, thus influencing crop response 
to soil strength.  This indicated that soil description and crop responses between CPT data 
sets were not different, thus one CPT data set would be sufficient for soil description.  
Crop yield was higher in field areas with higher elevation, higher C and OM and low soil 
strength. 
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 CEDAR EAST 
 
2006 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Cedar East field (Tables 3.75, 3.76).  Nine PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with C 
and Force at the 23-46 cm, 46-69 cm and 69-91 cm soil depth segments and OM at all 
soil depth segments while negatively loaded with depth to compaction, ECa, SPI, and EC 
at all soil depth segments.  Large PC1 scores were indicative of higher soil quality and 
strength in the deeper soil depth segments while low PC1 scores were indicative of 
deeper depth to compaction, higher electrical conductivity and higher water content.  
Principal component two was positively loaded with TS and SS at all soil depth segments 
while negatively loaded with VM at all soil depth segments, depth to compaction and C 
at the 69-91 cm and 91-114 cm soil depth segments.  Higher PC2 scores were indicative 
of soil compaction while low PC2 scores were indicative of higher soil water content, 
deeper depth to compaction and higher soil quality at deeper soil depth segments.  
Principal component three was positively loaded with slope, SPI and C, OM and Force at 
the 23-46 cm soil depth segment while negatively loaded with VM at the 23-46 cm soil 
depth segment, TS and SS at the 69-91 cm soil depth segment and elevation.  Higher PC3 
scores were indicative of water flow and accumulation and soil quality at the upper soil 
depth segment while low PC3 scores were indicative of higher elevation, soil strength at 
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 the deeper soil depth segments and soil water content at the upper soil depth segment.  
Principal component four was positively loaded with profile curvature, TWI, C at the   
91-114 cm soil depth segment and OM at the 69-91 cm and 91-114 cm soil depth 
segments while negatively loaded with elevation and plan curvature.  This indicated a 
distinction between water flow and accumulation and soil quality at deeper soil depth 
segments and elevation and water divergence.  Principal component five was only 
positively loaded with TS, SS, and EC at the 23-46 cm soil depth segment and Force at 
the 69-91 cm and 91-114 cm soil depth segments.  High PC5 values were indicative of 
either high soil strength in the upper soil depth segment or deeper soil depth segments.  
Principal component six was positively loaded with Force at the 23-46 cm and 46-69 cm 
soil depth segments while negatively loaded with VM at the 91-114 cm soil depth 
segment.  This indicated a distinction between soil strength in the upper soil depth 
segments and soil water content in the deeper soil depth segment.  Principal component 
seven was positively loaded with VM at the 69-91 cm soil depth segment and TS and SS 
at the 91-114 cm soil depth segment while negatively loaded with profile curvature.  This 
indicated a distinction between soil strength at the deeper soil depth segment and surface 
water flow.  Principal components eight and nine did not contain influential loadings. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn, soybean and wheat yield in 2006, 
2007 and 2008, respectively, for the Cedar East field (Table 3.77).  Nine PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component two and PC8 were significant (P < 0.10) in describing corn yield 
(model R2 = 0.18) while PC2 and PC5 were significant in describing soybean yield 
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 (model R2 = 0.17).  Principal component two, PC3, PC7 and PC8 were found to be 
significant in describing wheat yield (model R2 = 0.32).  Since the PC2 regression 
coefficient was negative in describing corn and soybean yield, this indicated that low 
scores were related to higher corn and soybean yield.  Low PC2 scores were indicative of 
higher soil water content, low soil strength, deeper depth to compaction and higher soil 
quality at deeper soil depth segments.  The regression coefficient for PC8 was positive, 
however not well understood.  The regression coefficient for PC5 was negative in 
explaining soybean yield which indicated that low soil strength was related to higher 
yield.  The regression coefficients for PC2, PC3 and PC7 were positive while the 
regression coefficient for PC8 was negative in explaining wheat yield.  Higher PC2 
scores were indicative of soil compaction.  Higher PC3 scores were indicative of higher 
water flow and accumulation and soil quality at the upper soil depth segment.  Higher 
PC7 scores were indicative of higher soil strength at the deeper soil depth segment.  
Lower PC8 scores were not well understood.  This indicated that higher corn and soybean 
yield was located in field areas with high soil water content, low soil strength, deeper 
depth to compaction and higher soil quality at deeper depth segments while higher wheat 
yield was mainly driven by water availability.  High wheat yield was achieved in field 
areas deemed less productive for corn and soybean production.  This is in agreement with 
crop yield patterns which show the highest standardized corn and soybean yield around 
the old haul road while the highest wheat yield is in the lowest field positions (Fig. 3.47).  
Standardized mean TS was lower while depth to compaction was higher for this field area 
(Fig. 3.48, 3.49 A).  Standardized elevation was higher and ECa was lower compared to 
the rest of the field in this area (Fig. 3.50 A, B).  Standardized mean Force and EC were 
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 lower (Fig 3.51, 3.52) while C and OM were higher (Fig. 3.53, 3.54), although not as 
clear, in these field areas across soil depth segments. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn, soybean and wheat 
yield in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.78).  Nine 
PC derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  Only 
PC3 and spring and summer x depth to compaction interactions were significant            
(P < 0.10) in describing combined crop yield (model R2 = 0.10), even though explained 
crop yield variability was low.  The regression coefficient of PC3 was positive which 
indicated higher water flow and accumulation and soil quality at the upper soil depth 
segment increased combined yield.  This combined model seemed to be driven mainly by 
the wheat response as compared to corn and soybean responses in which PC2 was most 
related to crop yield.  A significant interaction between depth to compaction and summer 
and spring precipitation indicated that precipitation patterns differed, thus influencing 
crop response to soil strength. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn, soybean 
and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar East field         
(Table 3.79).  Two clusters were developed to represent low and high crop yield across 
years.  Nine PC derived variables were used as discriminating variables to distinguish 
combined crop yield clusters.  The cross-validation method for classifying observations 
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 was used to assess the percentage of correctly and incorrectly classifying observations 
into respective crop yield clusters.  Using variables derived from PCA, 56% of 
observations were correctly classified into the high crop yield cluster and 56% correctly 
classified into the low crop yield cluster.  Overall, the total error rate for classification 
was 44%.  These results indicate that variables derived using PCA do not adequately 
distinguish between low and high crop yield categories across years.  This outcome was 
not surprising due to the differential wheat response as compared to corn and soybean 
responses. 
 
2008 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Cedar East field (Table 3.80).  Nine PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with TS 
and SS at the 69-91 cm soil depth segment and C and OM across all soil depth segments 
while negatively loaded with ECa and EC across all soil depth segments.  Large PC1 
scores were indicative of higher soil strength at the middle soil depth segment and higher 
soil quality while low PC1 scores were indicative of high electrical conductivity.  
Principal component two was positively loaded with TS and SS at the 23-46 cm soil 
depth segment, depth to compaction, slope, SPI, C at the 23-46 soil depth segment and 
EC at the 69-91 soil depth segment while negatively loaded with TS and SS at the 91-114 
cm soil depth segment.  Higher PC2 scores were indicative of high soil strength in the 
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 upper soil depth segment, deeper depth to compaction and higher water flow and 
accumulation while low PC2 scores were indicative of high soil strength in the deeper 
soil depth segment.  Principal component three was positively loaded with TS and SS at 
the 91-114 cm soil depth segment, ECa, TWI, SPI, EC at the 46-69 cm soil depth segment 
and Force at the 91-114 cm soil depth segment while negatively loaded with depth to 
compaction and elevation.  This indicated a distinction between soil compaction at the 
deeper soil depth segment and water accumulation and deeper soil depth to compaction 
and higher elevation.  Principal component four was positively loaded with TS and SS at 
the 69-91 cm and 91-114 cm soil depth segments while negatively loaded with depth to 
compaction, C and OM at the 69-91 cm soil depth segment and C at the 91-114 cm soil 
depth segment.  Higher PC4 scores were indicative of soil compaction at the deeper soil 
depth segments while low PC4 scores were indicative of deeper soil depth to compaction 
and higher soil quality at deeper soil depth segments.  Principal component five was 
positively loaded with TS and SS at the 23-46 cm soil depth segment and SS at the 46-69 
soil depth segment while negatively loaded with OM at the 23-46 cm soil depth segment.  
This indicated a distinction between high soil strength in the upper soil depth segments 
and soil quality.  Principal component six was positively loaded with Force at all soil 
depth segments while negatively loaded with TWI which indicated a distinction between 
soil compaction and soil water content.  Principal component seven was positively loaded 
with Force at the 23-46 cm and 46-69 cm soil depth segments while negatively loaded 
with plan curvature which indicated a distinction between soil strength in the upper soil 
depth segments and water content.  Principal component eight was only negatively 
loaded with TS at the 23-46 cm soil depth segment while PC9 was only positively loaded 
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 with SS at the 91-114 cm soil depth segment which indicated a partitioning of remaining 
variability for these specific variables. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn, soybean and wheat yield in 2006, 
2007 and 2008, respectively, for the Cedar East field (Table 3.81).  Nine PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component three, PC6 and PC8 were significant (P < 0.10) in describing corn 
yield (model R2 = 0.25) while PC3, PC6 and PC9 were significant in describing soybean 
yield (model R2 = 0.23).  Principal component two, PC4, PC5, PC6 and PC7 were 
significant in describing wheat yield (model R2 = 0.59).  Since PC3, PC6 and PC8 
regression coefficients were negative in describing corn yield, this indicated that low 
scores were related to higher corn yield.  Low PC3 scores were indicative of deeper soil 
depth to compaction and higher elevation.  Low PC6 scores were indicative of low soil 
strength and higher soil water content.  Low PC8 scores were indicative of higher soil 
strength in the upper soil depth segment, however not as significant.  This indicated that 
higher corn yield was located in field areas with low soil strength, deeper depth to 
compaction, higher elevation and higher soil water values.  The relationship was also 
consistent for soybean yield, which included a negative regression coefficient for PC9 
which indicated low soil strength was related to higher soybean yield.  Principal 
component two, four and six regression coefficients were positive while regression 
coefficients for PC5 and PC7 were negative in describing wheat yield.  High PC2 scores 
were indicative of high soil strength in the upper soil depth segment, deeper depth to 
compaction and higher water flow and accumulation.  High PC4 scores were indicative of 
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 higher soil compaction at deeper soil depth segments.  High PC6 scores were also 
indicative of higher soil strength.  Low PC5 scores were indicative of higher soil quality 
in the upper soil depth segment.  Low PC7 scores were indicative of higher soil water 
content.  This indicated that higher wheat yield was located in field areas opposite of 
higher corn and soybean yield with higher soil strength, higher soil quality in the upper 
soil depth segment and higher water content.  Standardized mean TS was lower while 
depth to compaction was higher for this field area (Fig. 3.55, 3.49 B). 
 
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn, soybean and wheat 
yield in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.82).  Nine 
PC derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  
Principal component two, PC3, PC5 and PC8 were significant (P < 0.10) in describing 
combined crop yield (model R2 = 0.14), even though explained crop yield variability was 
low.  As described in the last section, higher PC2 scores were indicative of high soil 
strength in the upper soil depth segment, deeper depth to compaction and higher water 
flow and accumulation.  Low PC3 scores were indicative of deeper soil depth to 
compaction and higher elevation.  Low PC5 scores were indicative of higher soil quality 
in the upper soil depth segment.  Low PC8 scores were indicative of higher soil strength 
in the upper soil depth segment.  These combined results, while conflicted in soil strength 
concerns, seem to be driven by wheat yield variability.  High corn and soybean yield was 
related to low soil strength, deeper depth to compaction, higher elevation and higher soil 
water values. 
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 CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn, soybean 
and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar East field         
(Table 3.83).  Two clusters were developed to represent low and high crop yield across 
years.  Nine PC derived variables were used as discriminating variables to distinguish 
combined crop yield clusters.  The cross-validation method for classifying observations 
was used to assess the percentage of correctly and incorrectly classifying observations 
into respective crop yield clusters.  Using variables derived from PCA, 67% of 
observations were correctly classified into the high crop yield cluster and 61% correctly 
classified into the low crop yield cluster.  Overall, the total error rate for classification 
was 36%.  These results indicate that variables derived using PCA can adequately 
distinguish between low and high crop yield categories across years.  Increased error of 
classification was likely due to differential corn and soybean yield response compared to 
wheat. 
 
2011 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Cedar East field (Tables 3.84, 3.85).  Nine PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with TS 
and SS at the 23-46 cm soil depth segment, TS at the 46-69 cm soil depth segment, C, 
OM and Force at the lower three soil depth segments, except for Force at the 46-69 cm 
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 soil depth segment.  Principal component one was negatively loaded with VM at the    
23-46 cm and 46-69 cm soil depth segments, depth to compaction, and EC at the lower 
three soil depth segments.  Large PC1 scores were indicative of higher soil compaction at 
the middle and lower soil depth segments and higher soil quality while low PC1 scores 
were indicative of high soil water content, deeper depth to compaction and high electrical 
conductivity.  Principal component two was positively loaded with SS at the 23-46 cm 
soil depth segment, TS and SS at the 46-69 cm, 69-91 cm and 91-114 cm soil depth 
segments, slope, SPI and EC at the 46-69 cm and 69-91 cm soil depth segments while 
negatively loaded with depth to compaction, elevation and C at the 46-69 cm soil depth 
segment.  Higher PC2 scores were indicative of high soil strength across soil depth 
segments and increased water flow and electrical conductivity while low PC2 scores were 
indicative of deeper depth to compaction, higher elevation and increased soil quality.  
Principal component three was positively loaded with slope and C, OM and Force at the 
23-46 cm and 46-69 cm soil depth segments while negatively loaded with EC at the     
23-46 cm soil depth segment.  This indicated a distinction between soil strength and 
quality in the upper soil depth segments compared to electrical conductivity.  Principal 
component four was positively loaded with VM at the 69-91 cm and 91-114 cm soil 
depth segments, TWI, SPI and EC at the 46-69 cm soil depth segment while negatively 
loaded with TS at the 69-91 cm and 91-114 cm soil depth segments and elevation.  
Higher PC4 scores were indicative of higher soil water content, flow and accumulation 
while low PC4 scores were indicative of high soil strength at deeper soil depth segments 
and higher elevation.  Principal component five was only positively loaded with VM at 
the 23-46 cm soil depth segment, ECa, plan curvature, EC at the 23-46 cm soil depth 
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 segment and Force at the lower three soil depth segments.  This indicated a distinction in 
water content and flow and soil strength in the lower soil depth segments.  Principal 
component six was positively loaded with depth to compaction and negatively loaded 
with SS at the 23-46 cm soil depth segment which indicated a distinction between depth 
to compaction and soil strength in the upper soil depth segment.  Principal component 
seven was positively loaded with profile curvature and TWI which indicated higher water 
flow and accumulation.  Principal component eight was positively loaded with VM at the 
46-69 cm soil depth segment while negatively loaded with VM at the 91-114 cm soil 
depth segment which indicated a distinction between upper and lower profile water 
content.  Principal component nine did not contain influential loadings. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using corn, soybean and wheat yield in 2006, 
2007 and 2008, respectively, for the Cedar East field (Table 3.86).  Nine PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component two, PC5, PC6 and PC8 were significant (P < 0.10) in describing 
corn yield (model R2 = 0.51) while PC2, PC5 and PC8 were significant in describing 
soybean yield (model R2 = 0.33).  Principal component two, PC3, PC5, PC7 and PC8 
were significant in describing wheat yield (model R2 = 0.51).  Since PC2, PC5 and PC8 
regression coefficients were negative in describing corn and soybean yield, this indicated 
that low scores were related to higher corn and soybean yield.  Low PC2 scores were 
indicative of low soil strength, deeper depth to compaction, higher elevation and 
increased soil quality.  Low PC5 scores were indicative of lower water content and flow 
on the surface and lower soil strength in the lower soil depth segments.  Low PC8 scores 
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 were indicative of higher water content at the deepest soil depth segment.  Corn yield was 
also affected by a positive regression coefficient for PC6 which was indicative of a 
deeper depth to compaction.  These results indicated that higher corn and soybean yield 
was located in field areas with low soil strength, deeper depth to compaction, higher 
elevation and higher soil water values and higher soil quality.  Principal component two, 
three and five had positive regression coefficients while PC7 and PC8 had negative 
regression coefficients in describing wheat yield.  High PC2 scores were indicative of 
high soil strength across soil depth segments and increased water flow and electrical 
conductivity.  High PC3 scores were indicative of increased soil strength and quality in 
the upper soil depth segments.  High PC5 scores were indicative of higher water content 
and flow and soil strength in the lower soil depth segments.  Low PC7 scores were 
indicative of lower water flow and accumulation.  Low PC8 scores were indicative of 
higher water content at the deepest soil depth segment.  Despite results from PC7, this 
indicated that higher wheat yield was located in field areas opposite of higher corn and 
soybean yield with higher soil strength, higher soil quality in the upper soil depth 
segment and higher water content.  Standardized mean TS was lower while depth to 
compaction was higher for this field area (Fig. 3.56, 3.49 C). 
 
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined corn, soybean and wheat 
yield in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.87).  Nine 
PC derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  
Principal component two, PC3, PC5 and PC8 were significant (P < 0.10) in describing 
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 combined crop yield (model R2 = 0.21), even though explained crop yield variability was 
low.  As described in the last section, lower PC2 scores were indicative of low soil 
strength, deeper depth to compaction, higher elevation and increased soil quality.  High 
PC3 scores were indicative of increased soil strength and quality in the upper soil depth 
segments.  Low PC5 scores were indicative of lower water content and flow on the 
surface and lower soil strength in the lower soil depth segments.  Low PC8 scores were 
indicative of higher water content at the deepest soil depth segment.  These combined 
results, while conflicted with PC3 for wheat, seem to be driven by corn and soybean yield 
variability.  Higher corn and soybean yield was located in field areas with low soil 
strength, deeper depth to compaction, higher elevation and higher soil water values and 
higher soil quality. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined corn, soybean 
and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar East field         
(Table 3.88).  Two clusters were developed to represent low and high crop yield across 
years.  Nine PC derived variables were used as discriminating variables to distinguish 
combined crop yield clusters.  The cross-validation method for classifying observations 
was used to assess the percentage of correctly and incorrectly classifying observations 
into respective crop yield clusters.  Using variables derived from PCA, 67% of 
observations were correctly classified into the high crop yield cluster and 74% correctly 
classified into the low crop yield cluster.  Overall, the total error rate for classification 
was 30%.  These results indicate that variables derived using PCA can adequately 
distinguish between low and high crop yield categories across years. 
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 COMBINED ANALYSIS 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted across CPT data sets, elevation and 
topographical derivatives for the Cedar East field (Table 3.89).  Eight PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with C 
and Force at the lower three soil depth segments and OM at all soil depth segments while 
negatively loaded with ECa and EC across all soil depth segments.  Large PC1 scores 
were indicative of higher soil strength and quality across soil depth segments while low 
PC1 scores were indicative of higher electrical conductivity.  Principal component two 
was positively loaded with TS and SS across soil depth segments and SPI while 
negatively loaded with depth to compaction and elevation.  Higher PC2 scores were 
indicative of high soil strength while low PC2 scores were indicative of deeper depth to 
compaction and higher elevation.  Principal component three was positively loaded with 
slope, SPI, C and OM at the 23-46 cm soil depth segment and EC at the 69-91 cm soil 
depth segment while negatively loaded with TS and SS at the 69-91 cm soil depth 
segment and elevation.  This indicated a distinction between water flow and soil quality 
at the upper soil depth segment and soil strength and elevation.  Principal component four 
was positively loaded with TWI, C and Force at the 91-114 cm soil depth segment, OM 
at the 69-91 cm and 91-114 cm soil depth segments and EC at the 23-46 cm soil depth 
segments while negatively loaded with elevation.  Higher PC4 scores were indicative of 
higher soil strength and quality at deeper soil depth segments while lower PC4 scores 
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 were indicative of higher elevation.  Principal component five was positively loaded with 
TS and SS at the 91-114 cm soil depth segment and negatively loaded with TS and SS at 
the 23-46 cm and 46-69 cm soil depth segments.  Principal component six was only 
positively loaded with Force at the three lower soil depth segments which indicated 
higher PC6 scores were indicative of higher soil strength.  Principal component seven 
was positively loaded with slope and plan curvature while negatively loaded with profile 
curvature which indicated a distinction between water flow divergence and acceleration.  
Principal component eight did not contain any influential loadings. 
 
REGRESSION ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Regression analysis was conducted across CPT data sets using combined corn, 
soybean and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar East field 
(Table 3.90).  Eight PC derived variables were used as independent variables to describe 
combined CPT data sets and crop yield across years.  Cone penetrometer test data sets 
and crop yield were standardized, by set and year, prior to regression analysis.  Principal 
component three, PC4, PC6, PC8, and the interaction of depth to compaction with spring 
and summer precipitation were significant (P < 0.10) in describing combined CPT data 
sets and crop yield (model R2 = 0.11), even though explained crop yield variability was 
low.  The difference between CPT data sets (2006, 2008 and 2011) was tested as well as 
crop x CPT data set interactions, however none were found to be significant.  High PC3 
scores were indicative of higher water flow and soil quality at the upper soil depth 
segment.  Lower PC4 scores were indicative of lower soil strength and quality at deeper 
soil depth segments and higher elevation.  Low PC6 scores were indicative of lower soil 
strength.  Interpretation of lower PC8 scores was not clear.  A significant interaction 
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 between depth to compaction and summer and spring precipitation indicated that 
precipitation patterns differed, thus influencing crop response to soil strength.  This 
indicated that soil description and crop responses between CPT data sets were not 
different, thus one CPT data set would be sufficient for soil description.  Crop yield was 
higher in field areas with higher elevation, higher C and OM and low soil strength. 
 
LEWIS UNDISTURBED 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT and soil fertility variables 
for the Lewis Undisturbed field (Table 3.91).  Seven PC derived variables were found to 
have eigenvalues greater than one.  Interpretation of PC derived variables varied (using 
0.40 as an influential loading cutoff), however described soil strength and soil fertility 
relationships.  Principal component one was positively loaded with TS and SS across all 
soil depth segments while negatively loaded with VM at the 23-46 and 46-69 cm soil 
depth segments, depth to compaction, Mg, Zn, B, Fe, Cu, and CEC.  Large PC1 scores 
were indicative of higher soil strength across soil depth segments while low PC1 scores 
were indicative of higher water capacity in the upper soil depth segments, deeper depth to 
compaction and higher fertility.  Principal component two was positively loaded with TS 
and SS at the 23-46 cm soil depth segments, water pH, buffer pH, P, K, Ca, Mg, S, Zn, B, 
Fe, Cu and CEC while negatively loaded with VM at the 69-91 cm soil depth segment.  
Higher PC2 scores were indicative of higher soil strength in the upper soil depth segment 
and higher soil fertility while low PC2 scores were indicative of higher soil water content 
at the lower depth segment.  Principal component three was positively loaded with VM at 
the 69-91 cm and 91-114 cm soil depth segments, water pH and buffer pH while 
271 
 negatively loaded with TS at the 91-114 cm soil depth segment, Mn and CEC.  Higher 
PC3 scores were indicative of higher water content at deeper soil depth segments and 
higher pH while low PC3 scores were indicative of higher soil strength at the deeper soil 
depth segment and higher fertility.  Principal component four was only positively loaded 
with VM at the 69-91 cm soil depth segment and Mn which indicated a distinction for 
higher soil water content and fertility.  Principal component five was positively loaded 
with SS at the 69-91 cm and 91-114 cm soil depth segments while negatively loaded with 
S and Na.  High PC5 values are indicative of higher soil clay content in the deeper soil 
depth segments while low PC5 values are indicative of higher soil fertility.  Principal 
component six was positively loaded with Mg and Na while negatively loaded with OM 
which indicated a distinction between soil fertility and OM.  Principal component seven 
was only positively loaded with OM which indicated a partitioning of remaining 
variability for this specific variable. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean and corn yield in 2005 and 
2006, respectively, for the Lewis Undisturbed field (Table 3.92).  Seven PC derived 
variables were used as independent variables to describe crop yield for each year.  
Principal component one and PC2 were significant (P < 0.10) in describing soybean yield 
(model R2 = 0.54) while PC5 and PC6 were significant in describing corn yield (model  
R2 = 0.31).  Since the PC1 and PC2 regression coefficients were positive in describing 
soybean yield, this indicated that high scores were related to higher soybean yield.  High 
PC1 scores were indicative of higher soil strength across all soil depth segments.  High 
PC2 scores were indicative of higher soil strength in the upper soil depth segment and 
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 higher soil fertility.  Since the PC5 and PC6 regression coefficients were negative in 
describing corn yield, this indicated that low scores were related to higher corn yield.  
Low PC5 scores were indicative lower soil clay content in the deeper soil depth segments 
and higher soil fertility.  Low PC6 scores were indicative of higher OM.  This indicated 
that higher soybean yield was located in field areas with higher soil strength and higher 
fertility while higher corn yield was located in field areas with lower soil clay content in 
the deeper soil depth segments and higher fertility.  This is in agreement with crop yield 
patterns which show the highest standardized soybean and corn yield around the northern 
field edge (Fig. 3.57).  Standardized mean TS was higher for this part of the field while 
depth to compaction was lower for this field area (Fig. 3.58, 3.59).  Despite higher 
standardized mean TS values, the disparity in TS values as compared to reclaimed fields 
was much lower.  Higher strength values may be measuring clay content rather than 
possible compaction.  Higher soybean and corn yield may be due to higher clay content 
and soil fertility rather than overcoming soil compaction. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield in 
2005 and 2006, respectively, for the Lewis Undisturbed field (Table 3.93).  Seven PC 
derived variables were used as independent variables to describe combined crop yield 
across years.  Crop yield was standardized, by year, prior to regression analysis.  
Principal component one, PC2, PC5, and PC6 were significant (P < 0.10) in describing 
combined crop yield (model R2 = 0.29), even though explained crop yield variability was 
low.  Regression coefficients of principal components were the same as described in the 
previous section which indicated an equal description of soybean and corn yield in the 
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 combined model.  Higher soybean yield was located in field areas with higher soil 
strength and higher fertility while higher corn yield was located in field areas with lower 
soil clay content in the deeper soil depth segments and higher fertility. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield in 2005 and 2006, respectively, for the Lewis Undisturbed field (Table 3.94).  
Two clusters were developed to represent low and high crop yield across years.  Seven 
PC derived variables were used as discriminating variables to distinguish combined crop 
yield clusters.  The cross-validation method for classifying observations was used to 
assess the percentage of correctly and incorrectly classifying observations into respective 
crop yield clusters.  Using variables derived from PCA, 73% of observations were 
correctly classified into the high crop yield cluster and 71% correctly classified into the 
low crop yield cluster.  Overall, the total error rate for classification was 28%.  These 
results indicate that variables derived using PCA do adequately distinguish between low 
and high crop yield categories across years. 
 
LEWIS WEST 
 
2006 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Lewis West field (Tables 3.95, 3.96).  Ten PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
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 strength and water relationships.  Principal component one was positively loaded with TS 
at the lower three soil depth segments, elevation, C, OM at Force across all soil depth 
segments while negatively loaded with ECa, slope, profile curvature, SPI and EC at the 
23-46 cm and 46-69 cm soil depth segments.  Large PC1 scores were indicative of higher 
soil strength and quality across soil depth segments and higher elevation while low PC1 
scores were indicative of higher electrical conductivity and water flow.  Principal 
component two was only positively loaded with SS across soil depth segments, slope and 
profile curvature which indicated that high PC2 scores were indicative of higher clay 
content across soil depths and higher water flow.  Principal component three was 
positively loaded with VM at the upper three soil depth segments and depth to 
compaction while negatively loaded with TS at the 23-46 cm and 46-69 cm soil depth 
segments.  Higher PC3 scores were indicative of higher soil water content and a deeper 
depth to compaction while low PC3 scores were indicative of higher soil strength at the 
upper soil depth segments.  Principal component four was positively loaded with SPI, and 
C and OM at the 91-114 cm soil depth segment while negatively loaded with EC at the 
69-91 cm and 91-114 cm soil depth segments.  This indicated a distinction between water 
accumulation and soil quality at the deeper soil depth segments and electrical 
conductivity at the deeper soil depth segments.  Principal component five was positively 
loaded with C, OM and Force at the 23-46 cm soil depth segments while negatively 
loaded with C at the 69-91 cm soil depth segment.  High PC5 values are indicative of soil 
high soil strength and quality at the upper soil depth segment while low PC5 values are 
indicative of high C at the lower soil depth segment.  Principal component six was 
positively loaded with TS at the 91-114 cm soil depth segment while negatively loaded 
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 with SS at the 23-46 cm and 46-69 cm soil depth segments.  This indicated a distinction 
between soil strength at the upper soil depth segments as compared to the lower soil 
depth segment.  Principal component seven was only positively loaded with SS at the   
23-46 cm soil depth segment, ECa and C at the 69-91 cm soil depth segment.  This 
indicated a distinction for clay content in the upper soil depth segment and C in the low 
soil depth segment.  Principal component eight was only positively loaded with C and 
OM at the 91-114 cm soil depth segment and EC at the 69-91 cm soil depth segment.  
This indicated a distinction for soil quality at the lower soil depth segment.  Principal 
component nine was only positively loaded with TWI which indicated a distinction for 
soil water accumulation.  Principal component ten was positively loaded with TWI and 
negatively loaded with plan curvature which indicated a distinction between soil water 
accumulation and water flow. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean 2005, corn 2006, soybean 
2007, corn 2008 and soybean 2009 yield for the Lewis West field (Table 3.97).  Ten PC 
derived variables were used as independent variables to describe crop yield for each year.  
Principal component one, PC5 and PC10 were significant (P < 0.10) in describing 
soybean 2005 and corn 2006 yield (model R2 = 0.58 and 0.46, respectively).  Since these 
regression coefficients were negative in describing soybean and corn yield, this indicated 
that low scores were related to higher soybean and corn yield.  Low PC1 scores were 
indicative of low soil strength, low elevation, higher electrical conductivity and higher 
water flow.  Low PC5 scores were indicative of low soil strength and high C at the lower 
soil depth segment.  Low PC10 scores are indicative of higher water divergence.  This 
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 indicated that higher soybean 2005 and corn 2006 yield was located in field areas with 
low soil strength, low elevation, higher electrical conductivity, higher soil quality and 
higher water flow.  In addition, PC2, PC4, and PC8 were significant (P < 0.10) in 
describing soybean 2007 yield (model R2 = 0.66).  Since the regression coefficients were 
negative for PC2 and PC8 in describing soybean 2007 yield, this indicated that low 
scores were related to higher soybean 2007 yield.  The opposite was true for PC4.  Low 
PC2 scores were indicative of lower clay content and lower slope and profile curvature.  
High PC4 values were indicative of higher soil quality at the deeper soil depth segment 
and water accumulation.  Low PC8 values were indicative of lower soil quality at the 
deeper soil depth segments.  The contradiction between PC4 and PC8 is not well 
understood, however the described variability for PC8 is low and may be attributed to 
leftover variable contributions.  This indicated that higher soybean 2007 yield was 
located in similar field areas as soybean 2005 and corn 2006.  Regression coefficients 
were of similar sign (PC1, PC2, PC4, PC5 and PC10) as previous cropping years in 
describing corn 2008 (model R2 = 0.50).  In addition to these principal components, PC3 
was also significant with a negative regression coefficient.  Low PC3 scores were 
indicative of higher soil strength at the upper soil depth segments.  This indicated that 
while corn 2008 yield was similar in description to previous cropping years, corn 2008 
yield was improved with higher soil strength in the upper soil depth segments.  This may 
be due to differences in weather conditions during the cropping season.  Principal 
component three, PC8 and PC9 were significant in describing soybean 2009 yield (model 
R2 = 0.42).  Regression coefficients for PC3 and PC8 were of similar sign to previous 
cropping years while a positive regression coefficient for PC9 was only significant in 
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 describing soybean 2009 yield.  High PC9 scores were indicative of high soil water 
accumulation.  This indicated that higher soybean 2009 yield description was similar to 
previous cropping years.  Overall, results showed that higher crop yield was located in 
field areas with low soil strength, low elevation, higher electrical conductivity, higher soil 
quality and higher water flow.  This is in agreement with crop yield patterns which show 
the highest standardized corn and soybean yield in the northern and southern field 
positions (Fig. 3.60).  Standardized mean TS was lower while depth to compaction was 
higher for these field areas (Fig. 3.61, 3.62 A).  Standardized elevation was lower and 
ECa was higher compared to the rest of the field in this area (Fig. 3.62 C, D).  
Standardized mean Force was lower (Fig. 3.63), EC was higher (Fig. 3.64) and C and 
OM were lower (Fig. 3.65, 3.66) in these field areas across soil depth segments. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield across 
years for the Lewis West field (Table 3.98).  Ten PC derived variables were used as 
independent variables to describe combined crop yield across years.  Crop yield was 
standardized, by year, prior to regression analysis.  Principal component one, PC3, PC4, 
PC5, PC6, PC8, and PC10 were significant (P < 0.10) in describing combined crop yield 
(model R2 = 0.38), even though explained crop yield variability was low.  The regression 
coefficients of these principal components were of similar sign as mentioned earlier.  
Interpretation was the same, however PC6 (negative sign) was also significant.  Low PC6 
values were indicative of low soil strength at the deeper soil depth segment and higher 
clay content in the upper soil depth segments.  This combined model suggested that 
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 higher crop yield was located in field areas with low soil strength, low elevation, higher 
electrical conductivity, higher soil quality and higher water flow. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield for the Lewis West field (Table 3.99).  Two clusters were developed to 
represent low and high crop yield across years.  Ten PC derived variables were used as 
discriminating variables to distinguish combined crop yield clusters.  The cross-
validation method for classifying observations was used to assess the percentage of 
correctly and incorrectly classifying observations into respective crop yield clusters.  
Using variables derived from PCA, 90% of observations were correctly classified into the 
high crop yield cluster and 82% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 14%.  These results indicate that 
variables derived using PCA do adequately distinguish between low and high crop yield 
categories across years. 
 
2007 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives and soil fertility variables for the Lewis West field          
(Tables 3.100, 3.101).  Thirteen PC derived variables were found to have eigenvalues 
greater than one.  Interpretation of PC derived variables varied (using 0.40 as an 
influential loading cutoff), however described soil strength, water and soil fertility 
relationships.  Principal component one was positively loaded with TS and SS across all 
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 soil depth segments, elevation, C and OM at the top three soil depth segments and Force 
across all soil depth segments while negatively loaded with ECa, EC at the 23-46 cm and 
46-69 cm soil depth segments, Mn and Na.  Large PC1 scores were indicative of higher 
soil strength and quality across soil depth segments and higher elevation while low PC1 
scores were indicative of higher electrical conductivity and soil fertility.  Principal 
component two was positively loaded with plan and profile curvature, C at the 69-91 cm 
soil depth segment, Ca, Mg, Zn, B, Fe, Cu and CEC while negatively loaded with slope.  
Large PC2 scores were indicative of higher water flow divergence and soil fertility while 
low PC2 scores were indicative of higher rate of water flow.  Principal component three 
was positively loaded with TS and SS at the lower three soil depth segments, except TS 
at the 91-114 cm soil depth segment and P while negatively loaded with VM at the       
46-69 cm soil depth segment.  Higher PC3 scores were indicative of higher soil strength 
in the low soil depth segments while low PC3 scores were indicative of higher soil water 
content at the deeper depth segment.  Principal component four was positively loaded 
with TWI, S and Na while negatively loaded with depth to compaction, water pH, buffer 
pH and P.  This indicated a distinction between water accumulation and soil fertility and 
deeper depth to compaction, higher pH and higher P levels.  Principal component five 
was positively loaded with carbon at the 91-114 cm soil depth segment, OM, B and Fe 
while negatively loaded with water and buffer pH and Mg.  High PC5 values were 
indicative of soil quality at the deeper soil depth segment and soil fertility while low PC5 
values were indicative of higher pH and magnesium levels.  Principal component six was 
positively loaded with TS and SS at the 23-46 cm soil depth segment while negatively 
loaded with depth to compaction and EC at the 69-91 cm soil depth segment.  This 
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 indicated a distinction between soil strength at the upper soil depth segment and deeper 
depth to compaction.  Principal component seven was only positively loaded with EC at 
the 91-114 cm soil depth segment, Force at the 46-69 cm and 69-91 cm soil depth 
segments, K and Mg.  This indicated a distinction for higher soil strength at the middle 
soil depth segments and higher fertility.  Principal component eight was positively loaded 
with VM at the 69-91 cm and 91-114 cm soil depth segments while negatively loaded 
with SPI which indicated a distinction between soil water content at deeper soil depth 
segments and water flow.  Principal component nine, PC10 and PC11 were only 
positively loaded with EC at the 46-69 cm soil depth segment, VM at the 69-91 cm soil 
depth segment and Cu and VM at the 46-69 cm soil depth segment, respectively.  This 
indicated variability described particular to these variables.  Principal component twelve 
and PC13 did not contain influential loadings. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean 2005, corn 2006, soybean 
2007, corn 2008 and soybean 2009 yield for the Lewis West field (Table 3.102).  
Thirteen PC derived variables were used as independent variables to describe crop yield 
for each year.  Principal component one, PC4, PC6 and PC9 were significant (P < 0.10) 
in describing soybean 2005 yield while PC1, PC4, PC6 and PC12 were significant in 
describing corn 2006 yield (model R2 = 0.53 and 0.46, respectively).  Since regression 
coefficients for PC1, PC4 and PC6 were negative and regression coefficients for PC9 and 
PC12 were positive in describing soybean 2005 and corn 2006 yield, this indicated that 
low scores for PC1, PC4 and PC6 were related to higher soybean 2005 and corn 2006 
yield while the opposite was true for PC9 and PC12.  Low PC1 scores were indicative of 
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 lower soil strength and quality, lower elevation, higher electrical conductivity and higher 
soil fertility.  Low PC4 scores were indicative of higher depth to compaction, soil pH and 
P levels.  Low PC6 scores were indicative of low soil strength at the upper soil depth 
segment and deeper depth to compaction.  High PC9 scores were indicative of higher 
electrical conductivity at the deeper soil depth segment.  High PC12 scores were not well 
understood.  This indicated that higher soybean 2005 and corn 2006 yield was located in 
field areas with low soil strength, deeper depth to compaction, low elevation, higher 
electrical conductivity, higher soil fertility but lower soil quality.  Higher soil quality and 
soil strength occurred in the same field locations, thus confounding the effects.  Principal 
component one, PC3, PC4, and PC7 were significant in describing soybean 2007 yield 
(model R2 = 0.58).  Regression coefficients PC1 and PC4 were the same as previous 
cropping years, thus explanations stayed the same.  Regression coefficients for PC3 and 
PC7 were negative which indicated that low scores were related to higher soybean 2007 
yield.  Low PC3 scores were indicative of lower soil strength in the low soil depth 
segments and higher soil water content at the deeper depth segment.  Lower PC7 scores 
were indicative of lower soil strength at the middle soil depth segments and lower 
fertility.  This indicated that higher soybean 2007 yield was located in similar field areas 
as soybean 2005 and corn 2006.  Principal component one, PC2, PC4 and PC7 were 
significant in describing corn 2008 yield (model R2 = 0.51).  Regression coefficients were 
of similar sign (PC1, PC4 and PC7) as previous cropping years in describing corn 2008, 
thus interpretation was comparable.  In addition to these principal components, PC2 was 
also significant with a negative regression coefficient.  Low PC2 scores were indicative 
of lower soil fertility and a higher rate of water flow.  This indicated that while corn 2008 
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 yield was similar in description to previous cropping years, corn 2008 yield was not 
improved with higher soil fertility.  Principal component one, PC4, PC6, PC7, PC9, and 
PC10 were significant in describing soybean 2009 yield (model R2 = 0.53).  Regression 
coefficients for PC1, PC7, and PC9 were of similar sign to previous cropping years, thus 
interpretation was comparable.  However regression coefficients for PC4 and PC6 were 
opposite of previous cropping years while PC10 was positive.  High PC4 scores were 
indicative of higher water accumulation and soil fertility, but lower depth to compaction 
and lower pH levels.  Higher PC6 scores were indicative of higher soil strength at the 
upper soil depth segment and lower depth to compaction.  This indicated that higher 
soybean 2009 yield description was similar to previous cropping years (lower soil 
strength and quality, lower elevation, higher electrical conductivity and higher soil 
fertility), however also included higher water accumulation and was improved with 
higher soil strength in the upper soil depth segments.  This difference in response may be 
attributed to a difference in management practice (reduced seeding rate) for soybean 2009 
and weather patterns.  Overall, results showed that higher crop yield was located in field 
areas with low soil strength, deeper depth to compaction, low elevation, higher electrical 
conductivity, higher soil fertility but lower soil quality.  Standardized mean TS was lower 
while depth to compaction was higher for these field areas (Fig. 3.67, 3.62 B).  This is in 
agreement with CPT sampling collected in 2006. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield across 
years for the Lewis West field (Table 3.103).  Thirteen PC derived variables were used as 
independent variables to describe combined crop yield across years.  Crop yield was 
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 standardized, by year, prior to regression analysis.  Principal component one, PC3, PC4, 
PC6, PC7, PC8, PC9, PC10, PC12 and the interaction of depth to compaction and spring 
precipitation were significant (P < 0.10) in describing combined crop yield (model R2 = 
0.31), even though explained crop yield variability was low.  The regression coefficients 
of these principal components were of similar sign as mentioned earlier.  Interpretation 
was the same, however PC8 (negative sign) was also significant.  Low PC8 values were 
indicative of higher water flow.  Regression coefficients were mostly reflective of 
previous cropping years to soybean 2009 since regression coefficients for PC4 and PC6 
were negative and not positive.  This combined model suggested that higher crop yield 
was located in field areas with low soil strength, deeper depth to compaction, low 
elevation, higher electrical conductivity, higher soil fertility but lower soil quality. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield for the Lewis West field (Table 3.104).  Two clusters were developed to 
represent low and high crop yield across years.  Thirteen PC derived variables were used 
as discriminating variables to distinguish combined crop yield clusters.  The cross-
validation method for classifying observations was used to assess the percentage of 
correctly and incorrectly classifying observations into respective crop yield clusters.  
Using variables derived from PCA, 78% of observations were correctly classified into the 
high crop yield cluster and 83% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 19%.  These results indicate that 
variables derived using PCA do adequately distinguish between low and high crop yield 
categories across years. 
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 COMBINED ANALYSIS 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted across CPT data sets, elevation and 
topographical derivatives for the Lewis West field (Tables 3.105, 3.106).  Eleven PC 
derived variables were found to have eigenvalues greater than one.  Interpretation of PC 
derived variables varied (using 0.40 as an influential loading cutoff), however described 
soil strength and water relationships.  Principal component one was positively loaded 
with TS and SS at the lower three soil depth segments, except SS at the 91-114 cm soil 
depth segment, elevation and C, OM and Force across all soil depth segments while 
negatively loaded with ECa and EC at the 23-46 cm and 46-69 cm soil depth segments.  
Large PC1 scores were indicative of higher soil strength and quality across soil depth 
segments while low PC1 scores were indicative of higher electrical conductivity.  
Principal component two was positively loaded with TS and SS across soil depth 
segments, except TS at the 23-46 cm soil depth segment while negatively loaded with 
VM at the 46-69 cm soil depth segment and depth to compaction.  Higher PC2 scores 
were indicative of high soil strength while low PC2 scores were indicative of higher soil 
water content at the middle soil depth segment and deeper depth to compaction.  
Principal component three was positively loaded with VM at the 23-46 cm and 46-69 cm 
soil depth segments, SS at the 91-114 cm soil depth segment and depth to compaction 
while negatively loaded with TS at the 23-46 cm soil depth segment, C and OM at the  
91-114 cm soil depth segment.  This indicated a distinction between soil water content at 
the upper soil depth segments and depth to compaction compared to soil strength at the 
upper soil depth segment and soil quality at the lower soil depth segment.  Principal 
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 component four was positively loaded with slope, SPI and OM at the lower soil depth 
segments while negatively loaded with plan curvature and EC at the lower soil depth 
segments.  Higher PC4 scores were indicative of higher water flow and soil quality at the 
lower soil depth segments while lower PC4 scores were indicative of higher flow 
divergence and electrical conductivity at lower soil depth segments.  Principal component 
five was only positively loaded with VM at the 91-114 cm soil depth segment, slope, C 
and Force at the 23-46 cm soil depth segment which indicated a distinction for soil water 
content at the deeper soil depth segment and soil strength and quality in the upper soil 
depth segment.  Principal component six was only positively loaded with C at the         
69-91 cm soil depth segment and EC at the 91-114 cm soil depth segment which 
indicated that higher PC6 scores were indicative of higher soil quality at the deeper soil 
depth segment.  Principal component seven was only positively loaded with SS at the   
23-46 cm soil depth segment which was indicative of higher clay content in the upper soil 
depth segment.  Principal component eight was only positively loaded with SS at the    
46-69 cm soil depth segment and VM at the 91-114 cm soil depth segment which was 
indicative of higher clay content and water capacity at the lower soil depth segment.  
Principal component nine was only positively loaded with TWI which was indicative of 
higher water accumulation.  Principal component ten was positively loaded with profile 
curvature while negatively loaded with plan curvature which indicated a distinction 
between water flow rate and divergence.  Principal component eleven was only positively 
loaded with VM at the 69-91 cm soil depth segment which was indicative of higher soil 
moisture at that depth segment. 
 
 
286 
 REGRESSION ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Regression analysis was conducted across CPT data sets using combined soybean 
and corn yield for the Lewis West field (Table 3.107).  Eleven PC derived variables were 
used as independent variables to describe combined CPT data sets and crop yield across 
years.  Cone penetrometer test data sets and crop yield were standardized, by set and 
year, prior to regression analysis.  Principal component one, PC3, PC4, PC5, PC6, PC8, 
PC9, PC10 and the interaction of depth to compaction with summer precipitation were 
significant (P < 0.10) in describing combined CPT data sets and crop yield (model         
R2 = 0.31), even though explained crop yield variability was low.  Since regression 
coefficients for PC1, PC3, PC5, PC6, PC8 and PC10 were negative and regression 
coefficients for PC4 and PC9 were positive in describing soybean and corn combined 
yield, this indicated that low scores for negative regression coefficients were related to 
higher soybean and corn yield while the opposite was true for positive regression 
coefficients.  The difference between CPT data sets (2006 and 2007) was tested as well as 
crop x CPT data set interactions, however none were found to be significant.  Low PC1 
scores were indicative of lower soil strength and quality across soil depth segments and 
higher electrical conductivity.  Low PC3 scores were indicative of higher soil strength at 
the upper soil depth segment and higher soil quality at the lower soil depth segment.  
Higher PC4 scores were indicative of higher water flow and soil quality at the lower soil 
depth segments and lower electrical conductivity at lower soil depth segments.  Lower 
PC5 scores were indicative of lower water content at the lower soil depth segment and 
lower soil strength and quality in the upper soil depth segment.  Lower PC6 scores were 
indicative of lower soil quality at the deeper soil depth segment.  Lower PC8 scores were 
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 indicative of lower clay content and water capacity at the lower soil depth segment.  
Higher PC9 scores were indicative of higher water accumulation.  Lower PC10 scores 
were indicative of higher water divergence.  A significant interaction between depth to 
compaction and summer precipitation indicated that precipitation patterns differed, thus 
influencing crop response to soil strength.  Overall, results indicated that soil description 
and crop responses between CPT data sets were not different, thus one CPT data set 
would be sufficient for soil description.  Crop yield was higher in field areas with lower 
soil strength and quality, higher electrical conductivity, lower elevation, and higher water 
flow and accumulation.  Mixed results among significant principal components may be 
reflective of differing crop responses such as soybean 2009 compared to previous 
cropping years. 
 
LEWIS EAST 
 
2005 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Lewis East field (Tables 3.108, 3.109).  Ten PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with TS 
and SS at the upper three soil depth segments, except SS at a soil depth segment of       
23-46 cm and C, OM and Force across all soil depth segments while negatively loaded 
with VM at the 46-69 cm and 69-91 cm soil depth segments, ECa, SPI, and EC at the 
upper soil depth segments.  Large PC1 scores were indicative of higher soil strength and 
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 quality across soil depth segments while low PC1 scores were indicative of higher 
electrical conductivity and water flow.  Principal component two was positively loaded 
with TS and SS across soil depth segments, ECa and EC at the lower three soil depth 
segments while negatively loaded with depth to compaction.  High PC2 scores were 
indicative of higher soil strength across soil depths and higher electrical conductivity 
while low PC2 scores were indicative of deeper depth to compaction.  Principal 
component three was positively loaded with VM at the upper soil depth segments, plan 
curvature and TWI while negatively loaded with elevation and slope.  Higher PC3 scores 
were indicative of higher soil water content and water accumulation while low PC3 
scores were indicative of higher elevation and slope.  Principal component four was only 
positively loaded with VM at the 91-114 cm soil depth segment and EC at the 69-91 cm 
and 91-114 cm soil depth segment which indicated higher soil water content at the deeper 
soil depth segment.  Principal component five was positively loaded with elevation, OM 
at the 69-91 cm soil depth segment and EC at the 23-46 cm soil depth segment while 
negatively loaded with TWI.  High PC5 values are indicative of higher elevation and soil 
quality at the deeper depth segment while low PC5 values are indicative of higher water 
accumulation.  Principal component six was only negatively loaded with VM at the      
91-114 cm soil depth segment and plan curvature which indicated a distinction for water 
content at the deepest soil depth segment and water convergence.  Principal component 
seven was positively loaded with SS and VM at the 69-91 cm soil depth segment while 
negatively loaded with SS at the 23-46 cm soil depth segment.  This indicated a 
distinction for clay content and water content at the deeper soil depth segment and clay 
content in the upper soil depth segment.  Principal component eight and PC9 were only 
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 negatively loaded with elevation and positively loaded with profile curvature which 
indicated variability described particular to these variables.  Principal component ten did 
not contain influential loadings. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean 2005, corn 2006, soybean 
2007, corn 2008 and soybean 2009 yield for the Lewis East field (Table 3.110).  Ten PC 
derived variables were used as independent variables to describe crop yield for each year.  
Principal component one, PC2, PC5 and PC10 were significant (P < 0.10) in describing 
soybean 2005 and soybean 2007 yield (model R2 = 0.62, model R2 = 0.62) while PC1, 
PC2 and PC7 were significant in describing corn 2006 yield (model R2 = 0.51).  Since the 
regression coefficients for PC1, PC2, PC5 and PC7 were negative in describing soybean 
2005 and 2007 and corn 2006 yield, this indicated that low scores were related to higher 
soybean 2005 and 2007 and corn 2006 yield.  The opposite was true for the positive 
regression coefficient for PC10.  Low PC1 scores were indicative of lower soil strength 
and quality across soil depth segments and higher electrical conductivity (mainly related 
to water) and water flow.  Low PC2 scores were indicative of lower soil strength across 
soil depths, lower electrical conductivity (mainly related to soil strength) and deeper 
depth to compaction.  Low PC5 scores were indicative of lower elevation and soil quality 
at the deeper depth segment and higher water accumulation.  Low PC7 scores were 
indicative of lower clay and water content at the deeper soil depth segment and higher 
clay content in the upper soil depth segment.  High PC10 scores were not well 
understood.  Results indicated that higher soybean 2005, corn 2006 and soybean 2007 
yield was located in field areas with low soil strength, low quality, higher electrical 
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 conductivity, deeper depth to compaction, lower elevation and higher water 
accumulation.  Only PC2 was significant (P < 0.10) in describing corn 2008 yield (model 
R2 = 0.42).  This indicated a similar response to soil strength and depth to compaction as 
previous cropping years.  Principal component three, PC6 and PC7 were significant in 
describing soybean 2009 yield (model R2 = 0.45).  Regression coefficients for PC3 and 
PC6 were negative which indicated low scores were related to higher soybean 2009 yield.  
The regression coefficient for PC7 was positive, the opposite in describing corn 2006 
yield.  Low PC3 scores were indicative of higher elevation and slope.  Low PC6 scores 
were indicative of higher water content at the deepest soil depth segment and water 
convergence.  High PC7 scores were indicative of higher clay and water content at the 
deeper soil depth segment.  This indicated that higher soybean 2009 yield was located in 
field areas with higher elevation, slope and higher clay and water content at the deeper 
soil depth segment.  This was in contrast to overall results which showed that higher crop 
yield was located in field areas with low soil strength, low quality, higher electrical 
conductivity, deeper depth to compaction, lower elevation and higher water 
accumulation.  This difference in response may be attributed to a difference in 
management practice (reduced seeding rate) for soybean 2009 and weather patterns.  
These results are in agreement with crop yield patterns which show the highest 
standardized soybean and corn yield in the northern half of this field (Fig. 3.68).  
Standardized mean TS was lower while depth to compaction was higher for these field 
areas (Fig. 3.69, 3.70 A).  Standardized elevation showed a slope going from east to west 
across the field while and ECa was higher compared to the rest of the field in the northern 
half (Fig. 3.70 D, E).  Standardized mean Force was lower (Fig. 3.71), EC was higher 
291 
 (Fig. 3.72) and C and OM were lower (Fig. 3.73, 3.74) in these field areas across soil 
depth segments. 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield across 
years for the Lewis East field (Table 3.111).  Ten PC derived variables were used as 
independent variables to describe combined crop yield across years.  Crop yield was 
standardized, by year, prior to regression analysis.  Principal component one, PC2, PC3, 
PC4, PC6, and the interaction of depth to compaction x summer precipitation were 
significant (P < 0.10) in describing combined crop yield (model R2 = 0.26), even though 
explained crop yield variability was low.  The regression coefficients of these principal 
components were of similar sign as mentioned earlier.  Interpretation was the same, 
however PC4 (negative sign) was also significant.  Low PC4 values were indicative of 
lower soil water content at the deeper soil depth segment.  This combined model 
suggested that higher crop yield was located in field areas with low soil strength, low 
quality, higher electrical conductivity, deeper depth to compaction, lower elevation and 
higher water accumulation. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield for the Lewis East field (Table 3.112).  Two clusters were developed to 
represent low and high crop yield across years.  Ten PC derived variables were used as 
discriminating variables to distinguish combined crop yield clusters.  The                 
cross-validation method for classifying observations was used to assess the percentage of 
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 correctly and incorrectly classifying observations into respective crop yield clusters.  
Using variables derived from PCA, 85% of observations were correctly classified into the 
high crop yield cluster and 86% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 14%.  While the high crop yield cluster 
contained higher yield for corn and soybean cropping years from 2005 to 2008, it 
contained lower yield for soybean 2009.  Higher soybean 2009 yield was located in field 
areas with higher elevation, slope and higher clay and water content at the deeper soil 
depth segment, different from the response of previous cropping years.  These results 
indicate that variables derived using PCA do adequately distinguish between low and 
high crop yield categories across years. 
 
2006 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives for the Lewis East field (Tables 3.113, 3.114).  Nine PC 
derived variables were found to have eigenvalues greater than one.  Interpretation of PC 
derived variables varied (using 0.40 as an influential loading cutoff), however described 
soil strength and water relationships.  Principal component one was positively loaded 
with TS and SS at the upper three soil depth segments, except for TS at the 69-91 cm soil 
depth segment, C, OM and Force at all soil depth segments while negatively loaded with 
VM at the upper two soil depth segments, depth to compaction, ECa, elevation, slope, SPI 
and EC across all soil depth segments.  Large PC1 scores were indicative of higher soil 
strength and quality across soil depth segments while low PC1 scores were indicative of 
deeper depth to compaction, higher electrical conductivity, higher elevation and higher 
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 slope and water flow.  Principal component two was positively loaded with VM at the  
23-46 cm soil depth segment, depth to compaction, plan curvature, C and OM a the      
69-91 cm soil depth segment while negatively loaded with TS at the 23-46 cm soil depth 
segment, SS at the 46-69 cm soil depth segment and TWI.  High PC2 scores were 
indicative of higher water content in the upper soil depth segment, deeper depth to 
compaction and higher soil quality at the deeper soil depth segment while low PC2 scores 
were indicative of higher soil strength in the upper soil depth segment and water 
accumulation.  Principal component three was positively loaded with ECa, TWI, and EC 
at the lower soil depth segments while negatively loaded with elevation and plan 
curvature.  Higher PC3 scores were indicative of higher electrical conductivity and water 
accumulation while low PC3 scores were indicative of higher elevation and water 
divergence.  Principal component four was positively loaded with SS at the lower two 
soil depth segments while negatively loaded with VM at the lower two depth segments 
and TWI which indicated a distinction between clay content and water content.  Principal 
component five was positively loaded with VM at the 69-91 cm soil depth segment and 
SS at the 91-114 cm soil depth segment while negatively loaded with TS at the 69-91 cm 
soil depth segment which indicated a distinction between water content and soil strength 
at the deeper soil depth segment.  Principal component six was positively loaded with 
profile curvature while negatively loaded with SS at the 23-46 cm soil depth segment 
which indicated a distinction between water flow and clay content in the upper soil depth 
segment.  Principal component seven was only positively loaded with VM at the          
91-114 cm soil depth segment and plan curvature which indicated a distinction for water 
content at the deeper soil depth segment.  Principal component eight was positively 
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 loaded with slope while negatively loaded with TS at the 91-114 cm soil depth segment 
which indicated a distinction between water flow and soil strength at the deeper soil 
depth segment.  Principal component nine was only positively loaded with SPI which 
indicated variability described particular to this variable. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean 2005, corn 2006, soybean 
2007, corn 2008 and soybean 2009 yield for the Lewis East field (Table 3.115).  Nine PC 
derived variables were used as independent variables to describe crop yield for each year.  
Principal component one, PC2, PC3, PC7, and PC9 were significant (P < 0.10) in 
describing soybean 2005 yield (model R2 = 0.45) and soybean 2007 yield (model           
R2 = 0.57), except for PC3.  No PC was found to be significant in describing soybean 
2009 yield.  Since these regression coefficients were all negative in describing soybean 
2005 and 2007 yield, this indicated that low scores were related to higher soybean 2005 
and 2007 yield.  Low PC1 scores were indicative of lower soil strength and quality across 
soil depth segments, deeper depth to compaction, higher electrical conductivity, higher 
elevation and higher slope and water flow.  Low PC2 scores were indicative of higher 
soil strength in the upper soil depth segment and higher water accumulation.  Low PC3 
scores were indicative of lower electrical conductivity and water accumulation and higher 
elevation and water divergence.  Low PC7 scores were indicative of lower water content 
at the deeper soil depth segment and lower water divergence.  Low PC9 scores were 
indicative of lower water flow.  Results indicated that higher soybean 2005 and 2007 
yield was located in field areas with low soil strength, low quality, deeper depth to 
compaction, higher electrical conductivity, and higher elevation and slope.  These results 
295 
 were primarily based on PC1 interpretation because it accounted for the majority of 
described variability.  Additional PC description, while lower in accounted variability, 
was in conflict with these results.  This was most likely due to the development of PC 
variables which were not well understood.  Principal component three, PC7, PC8, and 
PC9 were significant in describing corn 2006 yield (model R2 = 0.56) while PC2, PC3, 
PC4, PC7 and PC9 were significant in describing corn 2008 yield (model R2 = 0.55).  
Regression coefficients were of similar sign to those which described soybean yield, thus 
interpretations were the same.  In addition, regression coefficients for PC4 and PC8 were 
negative which indicated lower scores were related to higher corn yield.  Low PC4 scores 
were indicative of higher water content at the lower soil depth segments and higher water 
accumulation.  Low PC8 scores were indicative of higher soil strength at the deeper soil 
depth segment.  Results indicated that higher corn 2006 yield was located in field areas 
with low electrical conductivity, low water accumulation, high elevation and water 
divergence, high soil strength at the deeper soil depth segment and low water flow.  
Higher corn 2008 yield was located in field areas with higher soil strength in the upper 
soil depth segment, high water accumulation, low electrical conductivity, low water 
accumulation, higher elevation and water divergence, high water content at deeper soil 
depth segments and low water flow.  These results were in contrast to soybean yield 
which included low soil strength and deeper depth to compaction as influential variables.  
This was also in contrast to results from CPT sampling in 2005 which indicated higher 
crop yield was located in field areas with low soil strength, low quality, higher electrical 
conductivity, deeper depth to compaction, lower elevation and higher water 
accumulation.  This difference in response may be attributed to a difference in time of 
296 
 CPT sampling compared to 2005 (summer versus fall) and also mechanical problems 
experienced during sampling (SS sensor not functioning properly).  Nonetheless, 
standardized mean TS was lower for the higher yielding field areas while depth to 
compaction was higher for these field areas (Fig. 3.75, 3.70 B). 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield across 
years for the Lewis East field (Table 3.116).  Nine PC derived variables were used as 
independent variables to describe combined crop yield across years.  Crop yield was 
standardized, by year, prior to regression analysis.  Principal component one, PC3, PC7, 
PC8, and PC9 were significant (P < 0.10) in describing combined crop yield (model      
R2 = 0.28), even though explained crop yield variability was low.  The regression 
coefficients of these principal components were of similar sign as mentioned earlier 
which indicated interpretation was the same.  This combined model suggested that higher 
crop yield was located in field areas with low soil strength, low quality, deeper depth to 
compaction, higher electrical conductivity, and higher elevation and slope. 
 
CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield for the Lewis East field (Table 3.117).  Two clusters were developed to 
represent low and high crop yield across years.  Nine PC derived variables were used as 
discriminating variables to distinguish combined crop yield clusters.  The cross-
validation method for classifying observations was used to assess the percentage of 
correctly and incorrectly classifying observations into respective crop yield clusters.  
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 Using variables derived from PCA, 78% of observations were correctly classified into the 
high crop yield cluster and 84% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 19%.  While the high crop yield cluster 
contained higher yield for corn and soybean cropping years from 2005 to 2008, it 
contained lower yield for soybean 2009.  No PC was found to be significant in describing 
soybean 2009 yield.  These results indicate that variables derived using PCA do 
adequately distinguish between low and high crop yield categories across years. 
 
2007 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted using CPT variables, elevation and 
topographical derivatives and fertility variables for the Lewis East field (Tables 3.118, 
3.119).  Twelve PC derived variables were found to have eigenvalues greater than one.  
Interpretation of PC derived variables varied (using 0.40 as an influential loading cutoff), 
however described soil strength, water and fertility relationships.  Principal component 
one was positively loaded with TS and SS at the upper three soil depth segments, except 
for SS at the 23-46 cm soil depth segment, C, OM and Force at all soil depth segments 
and boron while negatively loaded with VM at the upper soil depth segments, depth to 
compaction, ECa, SPI, EC at the upper two soil depth segments, water pH, K, Ca, Mg, 
OM, Na, and CEC.  Large PC1 scores were indicative of higher soil strength and quality 
across soil depth segments while low PC1 scores were indicative of higher moisture 
content in the upper soil depth segments, deeper depth to compaction, higher electrical 
conductivity and water flow and higher soil fertility.  Principal component two was only 
positively loaded with EC at the three deeper soil depth segments, water pH, buffer pH, 
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 P, K, Ca, Zn, B, Fe and Cu which indicated a distinction for higher EC at lower soil depth 
segments and higher soil fertility.  Principal component three was positively loaded with 
TS and SS across soil depth segments while negatively loaded with depth to compaction.  
Higher PC3 scores were indicative of higher soil strength while low PC3 scores were 
indicative of deeper depth to compaction.  Principal component four was positively 
loaded with VM at the 69-91 cm soil depth segment, Mg, Mn, and CEC while negatively 
loaded with EC at the deeper soil depth segments and Fe which indicated a distinction 
between soil moisture at the deeper soil depth and higher soil fertility and higher 
electrical conductivity.  Principal component five was positively loaded with TS and SS 
at the deeper soil depth segment while negatively loaded with TS at the 23-46 cm soil 
depth segment, VM at the 91-114 cm soil depth segment, slope and SPI.  High PC5 
values were indicative of higher soil strength at the deeper soil depth segment while low 
PC5 values were indicative of higher soil strength in the upper soil depth segment, higher 
water content in the lower soil depth segment and increased water flow.  Principal 
component six was positively loaded with plan curvature and S while negatively loaded 
with slope, profile curvature and buffer pH which indicated a distinction between water 
convergence and S levels and water flow and pH levels.  Principal component seven was 
positively loaded with VM at the 91-114 cm soil depth segment and TWI while 
negatively loaded with elevation which indicated a distinction between water content at 
the deeper soil depth segment and water accumulation and elevation.  Principal 
component eight was only positively loaded with slope which indicated variability 
described particular to this variable.  Principal component nine was only positively 
loaded with profile curvature and CEC which indicated a distinction for deceleration of 
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 flow and higher CEC.  Principal component ten was positively loaded with EC at the   
46-69 cm soil depth segment and Force at the 69-91 cm soil depth segment which 
indicated a distinction for higher soil strength at middle depth segments.  Principal 
component eleven was only positively loaded with carbon at the 91-114 cm soil depth 
segment which indicated variability described particular to this variable.  Principal 
component twelve was only negatively loaded with VM at the 46-69 cm soil depth 
segment which indicated variability described particular to this variable. 
 
REGRESSION ANALYSIS BY CROP YEAR 
 
 Regression analysis was conducted using soybean 2005, corn 2006, soybean 
2007, corn 2008 and soybean 2009 yield for the Lewis East field (Table 3.120).  Twelve 
PC derived variables were used as independent variables to describe crop yield for each 
year.  Principal component one, PC2, PC7, and PC10 were significant (P < 0.10) in 
describing soybean 2005 yield (model R2 = 0.59), PC1, PC2 and PC4 significant in 
describing corn 2006 yield (model R2 = 0.29) and PC1, PC2 and PC10 significant in 
describing soybean 2007 yield (model R2 = 0.64).  Since the regression coefficients for 
PC1, PC2 and PC10 were negative in describing soybean 2005 and 2007 and corn 2006 
yield, this indicated that low scores were related to higher soybean 2005 and 2007 and 
corn 2006 yield.  The opposite was true for the positive regression coefficients for PC4 
and PC7.  Low PC1 scores were indicative of lower soil strength and quality across soil 
depth segments and higher moisture content in the upper soil depth segments, deeper 
depth to compaction, higher electrical conductivity and water flow and higher soil 
fertility.  Low PC2 scores were indicative of lower EC at the three deeper soil depth 
segments and lower soil fertility.  The significance of PC2 may be more a reflection of 
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 low EC rather than low soil fertility because of the relationship between electrical 
conductivity and soil strength for this field.  High PC4 scores were indicative of higher 
water content at the deeper soil depth segment, higher soil fertility and lower electrical 
conductivity.  High PC7 scores were indicative of higher water content at the deeper soil 
depth segment and water accumulation and lower elevation.  Low PC10 scores were 
indicative of lower soil strength at the middle soil depth segments.  Results indicated that 
higher soybean 2005 and 2007 yield was located in field areas with low soil strength and 
quality, higher water content at upper soil depth segments, deeper depth to compaction, 
high electrical conductivity, high water flow, high soil fertility and lower elevation.  
Results for corn 2006 were similar to soybean 2005 and 2007, however electrical 
conductivity results contrasted.  This difference may be due to the relationship of 
electrical conductivity to soil strength and water content between PC1 and PC4.  
Principal component two and PC8 were significant in describing corn 2008 yield (model 
R2 = 0.26).  The regression coefficient sign for PC2 was similar to previous cropping 
years, thus interpretation was the same.  The regression coefficient for PC8 was negative 
which indicated that lower scores were related to higher corn 2008 yield.  Low PC8 
scores were indicative of lower slope values.  This indicated that higher corn 2008 yield 
was located in field areas with lower EC at the three deeper soil depth segments, lower 
soil fertility and low slope values.  Principal component seven and PC9 were significant 
in describing soybean 2009 yield (model R2 = 0.18).  The regression coefficient sign for 
PC7 was opposite compared to soybean 2005 while the regression coefficient sign for 
PC9 was negative which indicated that lower scores were related to higher soybean 2009 
yield.  Low PC7 scores were indicative of higher elevation.  Low PC9 scores were 
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 indicative of acceleration of flow and low CEC.  This indicated that higher soybean 2009 
yield was located in field areas with higher elevation.  Results for corn 2008 and soybean 
2009 were more related to water content as compared to previous cropping years which 
also indicated that low soil strength and deeper depth to compaction were important in 
describing crop yield patterns.  This difference in response may be attributed to a 
difference in management practice (reduced seeding rate) for soybean 2009 and weather 
patterns.  Standardized mean TS was lower while depth to compaction was higher for 
higher yielding field areas (Fig. 3.76, 3.70 C). 
  
REGRESSION ANALYSIS ACROSS CROP YEARS 
 
Regression analysis was conducted using combined soybean and corn yield across 
years for the Lewis East field (Table 3.121).  Twelve PC derived variables were used as 
independent variables to describe combined crop yield across years.  Crop yield was 
standardized, by year, prior to regression analysis.  Principal component one, PC2, PC9, 
PC10 and the interaction of depth to compaction x spring precipitation were significant 
(P < 0.10) in describing combined crop yield (model R2 = 0.22), even though explained 
crop yield variability was low.  The regression coefficients of these principal components 
were of similar sign as mentioned earlier, thus interpretation was the same.  This 
combined model suggested that higher crop yield was located in field areas with low soil 
strength and quality, higher water content at upper soil depth segments, deeper depth to 
compaction, high electrical conductivity, high water flow and high soil fertility. 
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 CLUSTER AND DISCRIMINANT ANALYSIS OF CROP YIELD 
 
 Cluster and discriminant analysis was conducted using combined soybean and 
corn yield for the Lewis East field (Table 3.122).  Two clusters were developed to 
represent low and high crop yield across years.  Twelve PC derived variables were used 
as discriminating variables to distinguish combined crop yield clusters.  The cross-
validation method for classifying observations was used to assess the percentage of 
correctly and incorrectly classifying observations into respective crop yield clusters.  
Using variables derived from PCA, 83% of observations were correctly classified into the 
high crop yield cluster and 86% correctly classified into the low crop yield cluster.  
Overall, the total error rate for classification was 16%.  While the high crop yield cluster 
contained higher yield for corn and soybean cropping years from 2005 to 2008, it 
contained lower yield for soybean 2009.  Higher soybean 2009 yield was located in field 
areas with higher elevation, different from the response of previous cropping years.  
These results indicate that variables derived using PCA do adequately distinguish 
between low and high crop yield categories across years. 
 
COMBINED ANALYSIS 
 
PRINCIPAL COMPONENT ANALYSIS DESCRIPTION 
 
 Principal component analysis was conducted across CPT data sets, elevation and 
topographical derivatives for the Lewis East field (Tables 3.123, 3.124).  Ten PC derived 
variables were found to have eigenvalues greater than one.  Interpretation of PC derived 
variables varied (using 0.40 as an influential loading cutoff), however described soil 
strength and water relationships.  Principal component one was positively loaded with TS 
and SS at the upper three soil depth segments, except SS at the 23-46 cm soil depth 
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 segment, C, OM and Force at all soil depth segments while negatively loaded with VM at 
the 46-69 cm soil depth segment, depth to compaction, ECa, SPI, and EC at the upper two 
soil depth segments.  Large PC1 scores were indicative of higher soil strength and quality 
across soil depth segments while low PC1 scores were indicative of higher water content 
at the middle soil depth segment, higher electrical conductivity and higher water flow.  
Principal component two was positively loaded with TS and SS across soil depth 
segments, and EC at the three lower soil depth segments while negatively loaded with 
depth to compaction.  Higher PC2 scores were indicative of high soil strength and 
electrical conductivity while low PC2 scores were indicative of deeper depth to 
compaction.  Principal component three was only positively loaded with EC at the lower 
three soil depth segments and Force at the 69-91 cm soil depth segment which indicated a 
distinction for higher soil strength.  Principal component four was positively loaded with 
elevation and plan curvature while negatively loaded with profile curvature and TWI.  
This indicated a distinction between water divergence and water accumulation.  Principal 
component five was positively loaded with plan curvature and TWI while negatively 
loaded with elevation and slope.  This indicated a distinction between water accumulation 
and flow.  Principal component six was positively loaded with VM at the lower two soil 
depth segments while negatively loaded with TS and SS at the 91-114 cm soil depth 
segment which indicated a distinction between water content and soil strength at the 
deeper soil depth segment.  Principal component seven was only positively loaded with 
VM at the 46-69 cm and 69-91 cm soil depth segments and slope which indicated a 
distinction for water content at the middle soil depth segments and flow.  Principal 
component eight did not contain influential loadings.  Principal component nine and ten 
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 were only positively loaded with profile curvature and negatively loaded with SS at the 
23-46 cm soil depth segment, respectively, which indicated variability described 
particular to these variables. 
 
REGRESSION ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Regression analysis was conducted across CPT data sets using combined soybean 
and corn yield for the Lewis East field (Table 3.125).  Ten PC derived variables were 
used as independent variables to describe combined CPT data sets and crop yield across 
years.  Cone penetrometer data sets and crop yield were standardized, by set and year, 
prior to regression analysis.  Principal component one, PC2, PC3, PC6, PC8, PC9, PC10 
and the interaction of depth to compaction with spring and summer precipitation were 
significant (P < 0.10) in describing combined CPT data sets and crop yield (model         
R2 = 0.22), even though explained crop yield variability was low.  Since all PC regression 
coefficients were negative in describing combined yield, this indicated that low scores 
were related to higher soybean and corn yield.  The difference between CPT data sets 
(2005, 2006 and 2007) was tested as well as crop x CPT data set interactions, however 
none were found to be significant.  Low PC1 scores were indicative of lower soil strength 
and quality across soil depth segments and higher water content at the middle soil depth 
segment, higher electrical conductivity and higher water flow.  Low PC2 scores were 
indicative of low soil strength and electrical conductivity and deeper depth to 
compaction.  Low PC3 scores were indicative of lower soil strength.  Low PC6 scores 
were indicative of lower water content and higher soil strength at the deeper soil depth 
segment.  Low PC8 scores were not easily interpreted.  Low PC9 and PC10 scores were 
indicative of lower profile curvature and higher clay content in the upper soil depth 
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 segment.  A significant interaction between depth to compaction and spring and summer 
precipitation indicated that precipitation patterns differed, thus influencing crop response 
to soil strength.  Overall, results indicated that soil description and crop responses 
between CPT data sets were not different, thus one CPT data set would be sufficient for 
soil description.  Crop yield was higher in field areas with lower soil strength and quality, 
higher electrical conductivity, deeper depth to compaction and higher water flow.  Mixed 
results among significant principal components may be reflective of differing crop 
responses such as soybean 2009 compared to previous cropping years. 
 
LOGISTIC REGRESSION ANALYSIS 
 
CEDAR WEST 
 
2006 
 
Logistic regression analysis was conducted using corn, soybean and wheat yield 
in 2006, 2007 and 2008, respectively, for the Cedar West field (Table 3.126).  Crop yield 
was coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Ten PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Principal component one was significant (P < 0.10) in 
describing corn bond release standards (model R2 = 0.40) while PC1, PC4 and PC5 were 
significant in describing soybean bond release standards (model R2 = 0.39).  Principal 
component two, PC5, PC6 and PC8 were significant (P < 0.10) in describing wheat bond 
release standards (model R2 = 0.51).  Since PC1, PC2, PC5 and PC8 logistic regression 
coefficients were negative in describing bond release standards, this indicated that low 
scores were related to higher probability of meeting bond release standards.  The opposite 
was true for PC4 and PC6 logistic regression coefficients.  Low PC1 scores were 
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 indicative of low soil strength, deeper depth to compaction, higher elevation and higher 
carbon at deeper soil depth segments.  High PC4 scores were indicative of higher water 
content at the deeper soil depth segment, deeper depth to compaction and higher water 
divergence.  Low PC5 scores were indicative of higher TS at the 23-46 and 46-69 cm soil 
depth segments and slope values.  This indicated that the probability of meeting corn and 
soybean bond release standards was higher in field areas with low soil strength, deeper 
depth to compaction, higher elevation and higher C values.  While PC5 also indicated 
that higher probability of meeting soybean bond release standards was related to higher 
soil strength in the upper soil depth segments, the relationship seemed to be more 
reflective of slope rather than TS values.  Low PC2 scores were indicative of low soil 
strength and higher soil electrical conductivity.  High PC6 scores were indicative of 
lower soil water content and carbon in the deeper soil depth segments.  Low PC8 scores 
were indicative of lower C at the middle soil depth segment.  This indicated that the 
probability of meeting wheat bond release standards was higher in field areas with higher 
slope, low soil strength, higher electrical conductivity and lower water and carbon at the 
deeper soil depth segments.  This is in agreement with crop yield coded as meeting bond 
release standards which show the highest standardized crop yield in the middle portion of 
this field (Fig. 3.77 A, B).  Wheat bond release patterns were opposite of the corn and 
soybean pattern and appeared to be highest in the lowest lying field areas (Fig. 3.77 C).   
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.127).  Corn and 
soybean logistic regression models classified 50% and 25% of observations correctly into 
the meeting bond release category, respectively.  While interpretation of soil 
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 characteristics was similar between regression and logistic regression models, low 
percentage of correct classification was mainly due to a low number of observations 
meeting bond release standards for model development.  Only two and four observations 
met bond release standards for corn and soybean, respectively.  In contrast, 80% of wheat 
observations were correctly classified into the meeting bond release category with ten 
observations meeting bond release standards. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for corn (model R2 = 0.21), soybean (model R2 = 0.64) and wheat 
(model R2 = 0.51) (Table 3.128).  Similar to PC, significant variables included soil 
strength and water relationships as predominant factors which influence meeting bond 
release standards.  Interpretation of individual variable sign and contribution was difficult 
given the correlation among these variables.  Corn, soybean and wheat logistic regression 
models classified 25%, 67% and 45% of observations correctly into the meeting bond 
release category, respectively (Table 3.129).  Percentage of correct classification only 
increased for soybean (observations for meeting bond release also increased), which did 
not indicate an overall improvement using standardized variables over PC variables. 
Logistic regression analysis was also conducted using combined corn, soybean 
and wheat yield for the Cedar West field (Table 3.126).  Principal component two, PC5, 
PC6, PC7, PC8, PC10 and corn and soybean classification variables were significant     
(P < 0.10) in describing combined bond release standards (model R2 = 0.45).  Logistic 
regression coefficients were similar to those mentioned in the previous section, thus 
interpretation was the same.  Logistic regression coefficients for PC7 and PC10 were 
negative which indicated low scores were related to higher probability of meeting bond 
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 release standards.  Low PC7 scores were indicative of low soil strength in the upper soil 
depth segments.  Low PC10 scores were indicative of lower carbon at the lower soil 
depth segment.  Negative coefficients for corn and soybean classification variables 
indicated that compared to wheat, the probability of meeting bond release standards was 
lower for these crops.  This indicated that the probability of meeting combined bond 
release standards was higher in field areas with low soil strength, higher soil electrical 
conductivity, higher slope, low soil water content and carbon at deeper soil depth 
segments.  Logistic regression for the combined model classified 44% and 99% of 
observations correctly into the meeting bond release and not meeting bond release 
categories, respectively (Table 3.127).  Low percentage of correct classification was 
mainly due to a low number of observations meeting bond release standards for model 
development. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.69) (Table 3.128).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 67% and 96% of observations correctly into 
the meeting bond release and not meeting bond release categories, respectively        
(Table 3.129).  Percentage of correct classification was increased for meeting bond 
release standards which indicated an overall improvement using standardized variables 
over PC variables. 
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 2008 
 
Logistic regression analysis was conducted using corn, soybean and wheat yield 
in 2006, 2007 and 2008, respectively, for the Cedar West field (Table 3.126).  Crop yield 
was coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Seven PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Logistic regression was not performed using corn due to 
insufficient observations that meeting bond release standards.  Principal component one 
and six were significant (P < 0.10) in describing soybean bond release standards (model 
R2 = 0.38) while PC4 and PC7 were significant in describing wheat bond release 
standards (model R2 = 0.09).  Since PC1, PC4 and PC6 logistic regression coefficients 
were negative in describing bond release standards, this indicated that low scores were 
related to higher probability of meeting bond release standards.  The opposite was true 
for the PC7 logistic regression coefficient.  Low PC1 scores were indicative of high 
elevation, deeper depth to compaction and higher C and OM across soil depth segments.  
Low PC4 scores were indicative of higher soil quality in the upper soil depth segment 
and higher soil strength in the deeper soil depth segment.  Low PC6 scores were 
indicative of higher flow deceleration.  High PC7 scores were indicative of greater slope 
value.  This indicated that the probability of meeting soybean bond release standards was 
higher in field areas with high elevation, deeper depth to compaction, higher C and OM 
across soil depth segments and higher flow deceleration.  The probability of meeting 
wheat bond release standards was higher in field areas with higher soil quality in the 
upper soil depth segment, higher soil strength in the lower soil depth segment and greater 
slope.  These results were similar to those in 2006. 
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 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.127).  Soybean 
and wheat logistic regression models classified 20% and 50% of observations correctly 
into the meeting bond release category, respectively.  While interpretation of soil 
characteristics was similar between regression and logistic regression models, low 
percentage of correct classification was mainly due to a low number of observations 
meeting bond release standards for model development.  Only five observations met bond 
release standards for soybean.  Wheat observations were more balanced between meeting 
and not meeting bond release standards, however high wheat yield variability likely 
contributed to poor discrimination. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean (model R2 = 0.61) and wheat (model R2 = 0.46)  
(Table 3.130).  Similar to PC, significant variables included soil strength and water 
relationships as predominant factors which influence meeting bond release standards.  
Interpretation of individual variable sign and contribution was difficult given the 
correlation among these variables.  Soybean and wheat logistic regression models 
classified 60% and 81% of observations correctly into the meeting bond release category, 
respectively (Table 3.129).  Percentage of correct classification increased for both 
soybean and wheat which indicated an overall improvement using standardized variables 
over PC variables.  Since PCA utilizes contributions from all original variables, PC 
variables are affected by original variables even if loadings are not influential.  However, 
one benefit of using standardized variables is that only influential original variables are 
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 selected, thus eliminating contributions from non-influential variables which may explain 
this improvement in classification. 
Logistic regression analysis was also conducted using combined corn, soybean 
and wheat yield for the Cedar West field (Table 3.126).  Principal component four, corn 
and soybean classification variables and the interaction of depth to compaction and spring 
precipitation were significant (P < 0.10) in describing combined bond release standards 
(model R2 = 0.40).  The logistic regression coefficient for PC4 was similar as mentioned 
in the previous section, thus interpretation was the same.  Negative coefficients for corn 
and soybean classification variables indicated that compared to wheat, the probability of 
meeting bond release standards was lower for these crops.  A significant interaction 
between depth to compaction and spring precipitation indicated that precipitation patterns 
differed, thus influencing crop response to soil strength.  This indicated that the 
probability of meeting combined bond release standards was higher in field areas with 
higher soil quality in the upper soil depth segment and higher soil strength in the deeper 
soil depth segment.  These results were mostly influenced by wheat.  Logistic regression 
for the combined model classified 34% and 94% of observations correctly into the 
meeting bond release and not meeting bond release categories, respectively              
(Table 3.127).  Low percentage of correct classification was mainly due to a low number 
of observations meeting bond release standards for model development. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.43) (Table 3.130).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
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 contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 28% and 94% of observations correctly into 
the meeting bond release and not meeting bond release categories, respectively        
(Table 3.129).  Percentage of correct classification was declined for meeting bond release 
standards which did not indicate an overall improvement using standardized variables 
over PC variables. 
 
COMBINED ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Logistic regression analysis was conducted across CPT data sets using combined 
corn, soybean and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar West 
field (Table 3.131).  Nine PC derived variables were used as independent variables to 
describe combined CPT data sets and meeting bond release standards across years.  Cone 
penetrometer data sets were standardized, by set, prior to logistic regression analysis.  
Principal component one, PC6, PC8, PC9 and classification variables for corn and 
soybean response compared to wheat were significant (P < 0.10) in describing combined 
CPT data sets and meeting bond release standards (model R2 = 0.37), even though 
explained crop yield variability was low (Table 3.131).  The difference between CPT data 
sets (2006 and 2008) was tested as well as crop x CPT data set interactions, however 
none were found to be significant.  Logistic regression coefficients were similar to those 
identified in combined regression analysis, except for PC6, thus interpretation was the 
same.  High PC6 scores were indicative of higher water flow divergence.  Negative 
coefficients for corn and soybean classification variables indicated that compared to 
wheat, the probability of meeting bond release standards was lower for these crops.  This 
indicated that soil description and probability of meeting bond release response between 
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 CPT data sets were not different, thus one CPT data set would be sufficient for soil 
description.  Probability of meeting bond release standards was higher in field areas with 
higher elevation, higher C and OM and higher soil strength in the upper soil depth 
segments.  Combined analysis was mainly affected by the wheat response. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.46) (Table 3.131).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model using PC variables classified 23% and 94% of 
observations correctly into the meeting bond release and not meeting bond release 
categories, respectively (Table 3.132).  Logistic regression for the combined model using 
standardized variables classified 50% and 95% of observations correctly into the meeting 
bond release and not meeting bond release categories, respectively (Table 3.132).  
Percentage of correct classification was increased for meeting bond release standards 
which indicated an overall improvement using standardized variables over PC variables. 
 
CEDAR EAST 
 
2006 
 
Logistic regression analysis was conducted using corn, soybean and wheat yield 
in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.133).  Crop yield 
was coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Nine PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Logistic regression analysis was not performed using 
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 corn since sampled points did not meet bond release standards.  Principal component two 
and six were significant (P < 0.10) in describing soybean bond release standards (model 
R2 = 0.32) while PC3, PC4, PC7 and PC8 were significant in describing wheat bond 
release standards (model R2 = 0.38).  Since PC2, PC4 and PC8 logistic regression 
coefficients were negative in describing bond release standards, this indicated that low 
scores were related to higher probability of meeting bond release standards.  The opposite 
was true for PC3, PC6 and PC7 logistic regression coefficients.  Since logistic regression 
coefficients for PC2, PC6 and PC8 were the same as noted for regression, interpretation 
was the same.  The logistic regression coefficients were positive for PC3, negative for 
PC4 and positive for PC7.  High PC3 scores were indicative of higher water flow and 
accumulation and soil quality at the upper soil depth segment and low elevation and low 
soil strength.  Low PC4 scores were indicative of higher elevation and water divergence.  
Higher PC7 scores were indicative of higher soil strength at the deeper soil depth 
segments.  This indicated that the probability of meeting soybean bond release standards 
was higher in field areas with low soil strength, higher soil water content, deeper depth to 
compaction and higher soil quality at deeper soil depth segments.  The probability of 
meeting wheat bond release standards was higher in field areas with higher water flow 
and accumulation, higher soil quality in the upper soil depth segment, low elevation and 
low soil strength.  The probability of meeting wheat bond release standards was also 
higher for wheat in field areas with higher elevation and water divergence, which 
indicated wheat response was mostly driven by water availability.  This is in agreement 
with crop yield coded as meeting bond release standards which show the highest 
standardized crop yield in the around the middle portion of this field (Fig. 3.78 A, B).  
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 Wheat bond release patterns were opposite of the corn and soybean pattern and appeared 
to be highest in the lowest lying field areas (Fig. 3.78 C).   
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.134).  The 
soybean logistic regression model was not able to correctly classify observations into the 
meeting bond release category.  However, the wheat logistic regression model classified 
83% and 66% of observations correctly into the meeting bond release and not meeting 
bond release categories, respectively.  While interpretation of soil characteristics was 
similar between regression and logistic regression models, low percentage of correct 
classification (corn and soybean) was mainly due to a low number of observations 
meeting bond release standards for model development.  No observation met bond 
release standards for corn while only two met soybean standards. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean (model R2 = 0.17) and wheat (model R2 = 0.53)  
(Table 3.135).  Similar to PC, significant variables included soil strength and water 
relationships as predominant factors which influence meeting bond release standards.  
Interpretation of individual variable sign and contribution was difficult given the 
correlation among these variables.  The soybean logistic regression model was not able to 
correctly classify observations into the meeting bond release category.  However, the 
wheat logistic regression models classified 80% and 78% of observations correctly into 
the meeting bond release and not meeting bond release categories, respectively        
(Table 3.136).  Percentage of correct classification for wheat only increased for the not 
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 meeting bond release category, which did not indicate an overall improvement using 
standardized variables over PC variables. 
Logistic regression analysis was also conducted using combined corn, soybean 
and wheat yield for the Cedar East field (Table 3.133).  Principal component three and 
PC4 were significant (P < 0.10) in describing combined bond release standards (model  
R2 = 0.05).  Logistic regression coefficients were similar to those mentioned in the 
previous section, thus interpretation was the same.  This indicated that the probability of 
meeting combined bond release standards was higher in field areas with higher water 
flow and accumulation, higher soil quality at the upper soil depth segment, low elevation 
and low soil strength.  Field areas with higher elevation and water divergence also had 
higher probability of meeting combined bond release standards.  Logistic regression for 
the combined model did not classify observations correctly into the meeting bond release 
category (Table 3.134).  Low percentage of correct classification was mainly due to a low 
number of observations meeting bond release standards for model development. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.06) (Table 3.135).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model did not classify observations correctly into the 
meeting bond release category (Table 3.136).  Percentage of correct classification did not 
change between using PC or standardized variables which indicated no overall 
improvement using standardized variables over PC variables. 
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 2008 
 
Logistic regression analysis was conducted using corn, soybean and wheat yield 
in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.133).  Crop yield 
was coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Nine PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Logistic regression was not performed using corn due to 
insufficient observations that met bond release standards.  Principal component four and 
PC5 were significant (P < 0.10) in describing soybean bond release standards (model    
R2 = 0.27) while PC2, PC3, PC5, PC6, PC7 and PC9 were significant in describing wheat 
bond release standards (model R2 = 0.58).  Since PC4, PC5 (wheat) and PC7 logistic 
regression coefficients were negative in describing bond release standards, this indicated 
that low scores were related to higher probability of meeting bond release standards.  The 
opposite was true for PC2, PC3, PC5 (soybean), PC6 and PC9 logistic regression 
coefficients.  High PC3 scores were indicative of high soil strength at the deeper soil 
depth segment and high water accumulation.  Low PC4 scores were indicative of deeper 
soil depth to compaction and higher soil quality at deeper soil depth segments.  High PC5 
scores were indicative of high soil strength in the upper soil depth segment.  High PC6 
scores were indicative of high soil strength.  High PC9 scores were indicative of high soil 
strength at the deeper soil depth segment.  This indicated that the probability of meeting 
soybean bond release standards was higher in field areas with deeper soil depth to 
compaction, higher soil quality at the deeper soil depth segments and high soil strength in 
the upper soil depth segment.  The probability of meeting wheat bond release standards 
was higher in field areas with high soil strength, deeper depth to compaction, higher 
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 water flow, high water accumulation and high soil quality at the upper soil depth 
segment.  These results were similar to those in 2006, however not as interpretable. 
Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.134).  The 
soybean logistic regression model was not able to correctly classify observations into the 
meeting bond release category.  However, the wheat logistic regression model classified 
83% and 75% of observations correctly into the meeting bond release and not meeting 
bond release categories, respectively.  While interpretation of soil characteristics was 
similar between regression and logistic regression models, low percentage of correct 
classification (corn and soybean) was mainly due to a low number of observations 
meeting bond release standards for model development.  No observation met bond 
release standards for corn while only two met soybean standards. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean (model R2 = 0.27) and wheat (model R2 = 0.78)  
(Table 3.137).  Similar to PC, significant variables included soil strength and water 
relationships as predominant factors which influence meeting bond release standards.  
Interpretation of individual variable sign and contribution was difficult given the 
correlation among these variables.  The soybean logistic regression model was not able to 
correctly classify observations into the meeting bond release category.  However, the 
wheat logistic regression models classified 88% and 83% of observations correctly into 
the meeting bond release and not meeting bond release categories, respectively        
(Table 3.136).  Percentage of correct classification for wheat increased for both meeting 
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 and not meeting bond release categories, which indicated a marginal overall improvement 
using standardized variables over PC variables. 
Logistic regression analysis was also conducted using combined corn, soybean 
and wheat yield for the Cedar East field (Table 3.133).  Principal component two, PC5, 
PC6 and PC7 were significant (P < 0.10) in describing combined bond release standards 
(model R2 = 0.08).  Logistic regression coefficients were similar to those mentioned in 
the previous section, thus interpretation was the same.  This indicated that the probability 
of meeting combined bond release standards was higher in field areas with high soil 
strength in the upper soil depth segment, deeper soil depth to compaction, high water 
flow, high soil quality in the upper soil depth segment, high soil strength and high water 
divergence.  These results were mainly representative of wheat.  Logistic regression for 
the combined model did not classify observations correctly into the meeting bond release 
category (Table 3.134).  Low percentage of correct classification was mainly due to a low 
number of observations meeting bond release standards for model development. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.11) (Table 3.137).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified only 2% of observations correctly into the 
meeting bond release category (Table 3.136).  Percentage of correct classification did not 
change between using PC or standardized variables which indicated no overall 
improvement using standardized variables over PC variables. 
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 2011 
 
Logistic regression analysis was conducted using corn, soybean and wheat yield 
in 2006, 2007 and 2008, respectively, for the Cedar East field (Table 3.138).  Crop yield 
was coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Nine PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Logistic regression analysis was not performed using 
corn since sampled points did not meet bond release standards.  Principal component 
seven was significant (P < 0.10) in describing soybean bond release standards (model    
R2 = 0.61) while PC3, PC5 and PC8 were significant in describing wheat bond release 
standards (model R2 = 0.54).  Since PC7 and PC8 logistic regression coefficients were 
negative in describing bond release standards, this indicated that low scores were related 
to higher probability of meeting bond release standards.  The opposite was true for PC3 
and PC5 logistic regression coefficients.  Since logistic regression coefficients were the 
same as noted for regression, interpretation was the same.  This indicated that the 
probability of meeting soybean bond release standards was higher in field areas with high 
water flow and low accumulation.  The probability of meeting wheat bond release 
standards was higher in field areas with high soil quality at the upper soil depth segments, 
high water flow, high electrical conductivity, high water content and high soil strength.  
These results were in agreement with previous CPT sampling times, however did not 
identify soil strength as problem for meeting soybean bond release standards. 
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.134).  The 
soybean logistic regression model did not correctly classify observations into the meeting 
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 bond release category.  However, the wheat logistic regression model classified 88% and 
68% of observations correctly into the meeting bond release and not meeting bond 
release categories, respectively.  While interpretation of soil characteristics was similar 
between regression and logistic regression models, low percentage of correct 
classification (corn and soybean) was mainly due to a low number of observations 
meeting bond release standards for model development.  No observation met bond 
release standards for corn while only one met soybean standards. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean (model R2 = 0.32) and wheat (model R2 = 0.82)  
(Table 3.139).  Similar to PC, significant variables included soil strength and water 
relationships as predominant factors which influence meeting bond release standards.  
Interpretation of individual variable sign and contribution was difficult given the 
correlation among these variables.  The soybean logistic regression model was not able to 
correctly classify observations into the meeting bond release category.  However, the 
wheat logistic regression models classified 97% and 85% of observations correctly into 
the meeting bond release and not meeting bond release categories, respectively        
(Table 3.136).  Percentage of correct classification for wheat increased for both meeting 
bond release and not meeting bond release categories, which indicated an overall 
improvement using standardized variables over PC variables. 
Logistic regression analysis was also conducted using combined corn, soybean 
and wheat yield for the Cedar East field (Table 3.138).  Principal component three and 
PC8 were significant (P < 0.10) in describing combined bond release standards (model  
R2 = 0.09).  Logistic regression coefficients were similar to those mentioned in the 
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 previous section, thus interpretation was the same.  This indicated that the probability of 
meeting combined bond release standards was higher in field areas with high soil quality 
and strength at the upper soil depth segments, high water flow high water content at the 
deeper soil depth segment.  Logistic regression for the combined model classified 3% of 
observations correctly into the meeting bond release category (Table 3.134).  Low 
percentage of correct classification was mainly due to a low number of observations 
meeting bond release standards for model development. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.13) (Table 3.139).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 12% of observations correctly into the 
meeting bond release category (Table 3.136).  Percentage of correct classification was 
slightly improved using standardized variables compared to PC variables. 
 
COMBINED ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Logistic regression analysis was conducted across CPT data sets using combined 
corn, soybean and wheat yield in 2006, 2007 and 2008, respectively, for the Cedar East 
field (Table 3.140).  Eight PC derived variables were used as independent variables to 
describe combined CPT data sets and meeting bond release standards across years.  Cone 
penetrometer data sets were standardized, by set, prior to logistic regression analysis.  
Principal component three, PC5, PC6 and PC7 were significant (P < 0.10) in describing 
combined CPT data sets and meeting bond release standards (model R2 = 0.08), even 
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 though explained crop yield variability was low (Table 3.140).  The difference between 
CPT data sets (2006, 2008 and 2011) was tested as well as crop x CPT data set 
interactions, however none were found to be significant.  The only logistic regression 
coefficient similar to those identified in combined regression analysis was PC3, while 
PC5, PC6 and PC7 logistic regression coefficients were positive. High PC5 scores were 
indicative of higher soil strength at the deeper soil depth and low soil strength at the 
upper soil depth segments.  High PC6 scores were indicative of high soil strength at the 
lower soil depth segments.  High PC7 scores were indicative of high water flow and 
divergence.  This indicated that soil description and probability of meeting bond release 
response between CPT data sets were not different, thus one CPT data set would be 
sufficient for soil description.  Probability of meeting bond release standards was higher 
in field areas with higher water flow, higher soil quality in the upper soil depth segment, 
low elevation and higher soil strength.  Combined analysis was mainly affected by the 
wheat response. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.11) (Table 3.140).  Similar to PC, significant 
variables included water relationships (mainly wheat) as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model using PC variables did not classify observations 
correctly into the meeting bond release category (Table 3.141).  Logistic regression for 
the combined model using standardized variables classified 2% and 99% of observations 
correctly into the meeting bond release and not meeting bond release categories, 
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 respectively (Table 3.141).  Percentage of correct classification was not improved using 
standardized variables over PC variables. 
 
LEWIS UNDISTURBED 
 
Logistic regression analysis was conducted using soybean and corn yield in 2005 
and 2006, respectively, for the Lewis Undisturbed field as a comparison to disturbed 
fields.  However, logistic regression analysis was not performed since all sampled points 
met bond release standards for each crop, thus no variability existed. 
 
LEWIS WEST 
 
2006 
 
Logistic regression analysis was conducted using soybean 05, corn 06, soybean 
07, corn 08 and soybean 09 yield for the Lewis West field (Table 3.142).  Crop yield was 
coded as 1 or 0 for meeting or failing to meet bond release standards for each year. Ten 
PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Principal component one, PC2 and PC10 were 
significant (P < 0.10) in describing soybean 05 bond release standards (model R2 = 0.67) 
while PC1, PC5, PC6 and PC10 were significant in describing corn 06 bond release 
standards (model R2 = 0.36).  Principal component one, PC4, PC5, PC6, PC8 and PC10 
were significant (P < 0.10) in describing soybean 07 bond release standards (model       
R2 = 0.78) while PC3, PC4, PC6 and PC10 were significant in describing corn 08 bond 
release standards (model R2 = 0.52).  Logistic regression was not performed using 
soybean 09 since all observation were below bond release standards.  Since PC1, PC3, 
PC5, PC6, PC8 and PC10 logistic regression coefficients were negative in describing 
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 bond release standards, this indicated that low scores were related to higher probability of 
meeting bond release standards.  The opposite was true for PC2 and PC4 logistic 
regression coefficients.  All logistic regression coefficients were the same as noted for 
regression, except PC2 and PC6, thus interpretation was the same.  High PC2 scores were 
indicative of high clay content across soil depth segments and water flow.  Low PC6 
scores were indicative of high clay content in the upper soil depth segments.  This 
indicated that the probability of meeting soybean 05, corn 06, soybean 07 and corn 08 
bond release standards was higher in field areas with low soil strength and quality across 
soil depth segments, low elevation, high electrical conductivity and water flow, high clay 
content.  This is in agreement with crop yield coded as meeting bond release standards 
which show the highest standardized crop yield in the upper portion of this field         
(Fig. 3.79 A, B, C and D).  Most of soybean 09 did not meet bond release standards (Fig. 
3.79 E).  
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.143).  Logistic 
regression models correctly classified observations into the meeting and not meeting 
bond release categories 89% and 76% for soybean 05, 81% and 65% for corn 06, 96% 
and 92% for soybean 07 and 74% and 82% for corn 08, respectively.  These results 
indicate that logistic regression models across cropping seasons perform well in 
distinguishing meeting and not meeting bond release categories. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean 05 (model R2 = 0.73), corn 06 (model R2 = 0.62), 
soybean 07 (model R2 = 0.69) and corn 08 (model R2 = 0.36) (Table 3.144).  Similar to 
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 PC, significant variables included soil strength and water relationships as predominant 
factors which influence meeting bond release standards.  Interpretation of individual 
variable sign and contribution was difficult given the correlation among these variables.  
Logistic regression models correctly classified observations into the meeting and not 
meeting bond release categories 96% and 88% for soybean 05, 90% and 76% for corn 06, 
88% and 89% for soybean 07 and 70% and 83% for corn 08, respectively (Table 3.145).  
Percentage of correct classification was higher for soybean 05 and corn 06 using 
standardized variables over PC variables, however the opposite was true from soybean 07 
and corn 08 which did not indicate an overall improvement using standardized variables 
over PC variables. 
Logistic regression analysis was also conducted using combined soybean and corn 
yield for the Lewis West field (Table 3.146).  Principal component one, PC4, PC5, PC6, 
PC10 and crop and year categorical variables were significant (P < 0.10) in describing 
combined bond release standards (model R2 = 0.60).  Logistic PC regression coefficients 
were similar to those mentioned in the previous section, thus interpretation was the same.  
A positive coefficient for the corn categorical variable indicated that corn was more 
likely to meet bond release standards compared to soybean.  A negative coefficient for 
the year categorical variable indicated that as cropping years increased, the probability of 
meeting bond release standards decreased.  This was a function of both crop and weather.  
This indicated that the probability of meeting combined bond release standards was 
higher in field areas with low soil strength and quality across soil depth segments, low 
elevation, high electrical conductivity and water flow, high clay content.  Logistic 
regression for the combined model classified 71% and 87% of observations correctly into 
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 the meeting and not meeting bond release categories, respectively (Table 3.143).  These 
results indicated that the combined model adequately distinguished between meeting and 
not meeting bond release categories. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.70) (Table 3.147).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 85% and 87% of observations correctly into 
the meeting and not meeting bond release categories, respectively (Table 3.145).  
Percentage of correct classification increased using standardized variables over PC 
variables only for meeting bond release standards, which indicated a slight overall 
improvement using standardized variables over PC variables. 
 
2007 
 
Logistic regression analysis was conducted using soybean 05, corn 06, soybean 
07, corn 08 and soybean 09 yield for the Lewis West field (Table 3.148).  Crop yield was 
coded as 1 or 0 for meeting or failing to meet bond release standards for each year. Ten 
PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Principal component one, PC2, PC6 and PC9 were 
significant (P < 0.10) in describing soybean 05 bond release standards (model R2 = 0.50) 
while PC1, PC4 and PC6 were significant in describing corn 06 bond release standards 
(model R2 = 0.34).  Principal component one, PC3, PC4, PC7 and PC10 were significant 
(P < 0.10) in describing soybean 07 bond release standards (model R2 = 0.70) while PC1, 
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 PC2, PC3, PC4 and PC10 were significant in describing corn 08 bond release standards 
(model R2 = 0.54).  Logistic regression was not performed using soybean 09 since all 
observation were below bond release standards.  Since PC1, PC2 (corn 08), PC3, PC4, 
PC6 and PC7 logistic regression coefficients were negative in describing bond release 
standards, this indicated that low scores were related to higher probability of meeting 
bond release standards.  The opposite was true for PC2 (soybean 05), PC9 and PC10 
logistic regression coefficients.  All logistic regression coefficients were the same as 
noted for regression, except PC2 (soybean 05), thus interpretation was the same.  High 
PC2 scores were indicative of higher water flow divergence and soil fertility.  This 
indicated that the probability of meeting soybean 05, corn 06, soybean 07 and corn 08 
bond release standards was higher in field areas with lower soil strength and quality 
across soil depth segments, lower elevation, higher electrical conductivity, higher soil 
fertility, higher water flow divergence and deeper depth to compaction.  Most of soybean 
09 did not meet bond release standards.  These results were similar to CPT 06 sampling. 
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.143).  Logistic 
regression models correctly classified observations into the meeting and not meeting 
bond release categories 89% and 65% for soybean 05, 83% and 65% for corn 06, 80% 
and 81% for soybean 07 and 74% and 85% for corn 08, respectively.  These results 
indicate that logistic regression models across cropping seasons perform well in 
distinguishing meeting and not meeting bond release categories. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean 05 (model R2 = 0.49), corn 06 (model R2 = 0.75), 
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 soybean 07 (model R2 = 0.72) and corn 08 (model R2 = 0.73) (Table 3.149).  Similar to 
PC, significant variables included soil strength and water relationships as predominant 
factors which influence meeting bond release standards.  Interpretation of individual 
variable sign and contribution was difficult given the correlation among these variables.  
Logistic regression models correctly classified observations into the meeting and not 
meeting bond release categories 93% and 47% for soybean 05, 92% and 85% for corn 06, 
88% and 89% for soybean 07 and 74% and 92% for corn 08, respectively (Table 3.145).  
Percentage of higher correct classification was inconsistent between using standardized 
and PC variables which indicated no overall improvement using standardized variables 
over PC variables. 
Logistic regression analysis was also conducted using combined soybean and corn 
yield for the Lewis West field (Table 3.146).  Principal component one, PC4, PC6, PC7, 
PC9, PC10 and crop and year categorical variables were significant (P < 0.10) in 
describing combined bond release standards (model R2 = 0.57).  Logistic PC regression 
coefficients were similar to those mentioned in the previous section, thus interpretation 
was the same.  A positive coefficient for the corn categorical variable indicated that corn 
was more likely to meet bond release standards compared to soybean.  A negative 
coefficient for the year categorical variable indicated that as cropping years increased, the 
probability of meeting bond release standards decreased.  This was a function of both 
crop and weather.  This indicated that the probability of meeting combined bond release 
standards was higher in field areas with lower soil strength and quality across soil depth 
segments, lower elevation, higher electrical conductivity, higher soil fertility, higher 
water flow divergence and deeper depth to compaction.  Logistic regression for the 
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 combined model classified 76% and 83% of observations correctly into the meeting and 
not meeting bond release categories, respectively (Table 3.143).  These results indicated 
that the combined model adequately distinguished between meeting and not meeting 
bond release categories and was similar to 2006. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.73) (Table 3.147).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 87% and 88% of observations correctly into 
the meeting and not meeting bond release categories, respectively (Table 3.145).  
Percentage of correct classification did not increase using standardized variables over PC 
variables which indicated no overall improvement using standardized variables over PC 
variables. 
 
COMBINED ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Logistic regression analysis was conducted across CPT data sets using combined 
soybean 05, corn 06, soybean 07, corn 08 and soybean 09 yield for the Lewis West field 
(Table 3.150).  Eleven PC derived variables were used as independent variables to 
describe combined CPT data sets and meeting bond release standards across years.  CPT 
data sets were standardized, by set, prior to logistic regression analysis.  Principal 
component one, PC3, PC4, PC5, PC6, PC9, PC10, depth to compaction x summer 
precipitation interaction, and corn and year categorical variables were significant           
(P < 0.10) in describing combined CPT data sets and meeting bond release standards 
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 (model R2 = 0.56) (Table 3.150).  The difference between CPT data sets (2006 and 2007) 
was tested as well as crop x CPT data set interactions, however none were found to be 
significant.  All logistic regression coefficients were similar to those identified in 
combined regression analysis, thus interpretation was the same.  A positive coefficient for 
the corn categorical variable indicated that corn was more likely to meet bond release 
standards compared to soybean.  A negative coefficient for the year categorical variable 
indicated that as cropping years increased, the probability of meeting bond release 
standards decreased.  This indicated that soil description and probability of meeting bond 
release response between CPT data sets were not different, thus one CPT data set would 
be sufficient for soil description.  Probability of meeting bond release standards was 
higher in field areas with lower soil strength and quality across soil depth segments, 
lower elevation, higher electrical conductivity, higher water flow divergence and higher 
accumulation. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.69) (Table 3.150).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model using PC variables classified 78% and 85% of 
observations correctly into the meeting bond release and not meeting bond release 
categories, respectively (Table 3.151).  Logistic regression for the combined model using 
standardized variables classified 83% and 87% of observations correctly into the meeting 
bond release and not meeting bond release categories, respectively (Table 3.151).  
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 Percentage of correct classification was slightly improved using standardized variables 
over PC variables. 
 
LEWIS EAST 
 
2005 
 
Logistic regression analysis was conducted using soybean 05, corn 06, soybean 
07, corn 08 and soybean 09 yield for the Lewis East field (Table 3.152).  Crop yield was 
coded as 1 or 0 for meeting or failing to meet bond release standards for each year. Ten 
PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Principal component five and PC7 were significant       
(P < 0.10) in describing soybean 05 bond release standards (model R2 = 0.59) while PC1 
and PC2 were significant in describing corn 06 bond release standards (model R2 = 0.59).  
Principal component one, PC2 and PC5 were significant (P < 0.10) in describing soybean 
07 bond release standards (model R2 = 0.57) while PC2, PC3 and PC6 were significant in 
describing corn 08 bond release standards (model R2 = 0.81).  Logistic regression was not 
performed using soybean 09 since all observation were below bond release standards.  
Since all logistic regression coefficients were negative in describing bond release 
standards, this indicated that low scores were related to higher probability of meeting 
bond release standards.  All logistic regression coefficients were the same as noted for 
regression, thus interpretation was the same.  This indicated that the probability of 
meeting soybean 05 bond release standards was higher in field areas with low elevation, 
low soil quality at the deeper depth segment, high water accumulation, high clay content 
in the upper soil depth segment.  The probability of meeting corn 06 bond release 
standards was higher in field areas with low soil strength and quality across soil depth 
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 segments, high electrical conductivity and water flow and deeper depth to compaction.  
The probability of meeting soybean 07 bond release standards was higher in field areas 
with low soil strength and quality across soil depth segments, high electrical conductivity 
and water flow, deeper depth to compaction and low elevation.  The probability of 
meeting corn 08 bond release standards was higher in field areas with low soil strength 
across soil depths, high electrical conductivity, deeper depth to compaction, high 
elevation and slope, high water content at the deepest soil depth segment and water 
convergence.  While differences existed in interpretation of meeting bond release 
standards for soybean 05, corn 06, soybean 07 and corn 08, results consistently showed 
that low soil strength was important in meeting bond release standards.  This is in 
agreement with crop yield coded as meeting bond release standards which show the 
highest coded crop yield in the upper portion of this field (Fig. 3.80 A, B, C and D).  
Most of soybean 09 did not meet bond release standards (Fig. 3.80 E).  Favorable rainfall 
in growing seasons of 2005 and 2006 led to the majority of this field to meet bond release 
standards.  However, a drier year such as 2007, enhanced the effect of high soil strength 
on crop yield. 
Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.153).  Logistic 
regression models correctly classified observations into the meeting and not meeting 
bond release categories 100% and 50% for soybean 05, 100% and 67% for corn 06, 88% 
and 79% for soybean 07 and 86% and 98% for corn 08, respectively.  Low percentage of 
correct classification for soybean 05 and corn 06 not meeting bond release standards was 
mainly due to a low number of observations for model development.  These results 
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 indicate that logistic regression models across cropping seasons perform well in 
distinguishing meeting and not meeting bond release categories. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean 05 (model R2 = 0.57), corn 06 (model R2 = 0.61), 
soybean 07 (model R2 = 0.71) and corn 08 (model R2 = 0.89) (Table 3.154).  Similar to 
PC, significant variables included soil strength and water relationships as predominant 
factors which influence meeting bond release standards.  Interpretation of individual 
variable sign and contribution was difficult given the correlation among these variables.  
Logistic regression models correctly classified observations into the meeting and not 
meeting bond release categories 100% and 50% for soybean 05, 98% and 67% for corn 
06, 96% and 90% for soybean 07 and 86% and 98% for corn 08, respectively           
(Table 3.155).  Percentage of correct classification was higher using standardized 
variables over PC variables, which indicated an overall improvement using standardized 
variables over PC variables. 
Logistic regression analysis was also conducted using combined soybean and corn 
yield for the Lewis East field (Table 3.156).  Principal component one, PC2, PC3, PC5, 
PC6 and crop and year categorical variables were significant (P < 0.10) in describing 
combined bond release standards (model R2 = 0.85).  Logistic PC regression coefficients 
were similar to those mentioned in the previous section, thus interpretation was the same.  
A positive coefficient for the corn categorical variable indicated that corn was more 
likely to meet bond release standards compared to soybean.  A negative coefficient for 
the year categorical variable indicated that as cropping years increased, the probability of 
meeting bond release standards decreased.  This was a function of both crop and weather.  
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 This indicated that the probability of meeting combined bond release standards was 
higher in field areas with low soil strength and quality across soil depth segments, high 
electrical conductivity and water flow, deeper depth to compaction and low elevation.  
Logistic regression for the combined model classified 91% and 93% of observations 
correctly into the meeting and not meeting bond release categories, respectively      
(Table 3.153).  These results indicated that the combined model adequately distinguished 
between meeting and not meeting bond release categories. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.89) (Table 3.157).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 95% and 94% of observations correctly into 
the meeting and not meeting bond release categories, respectively (Table 3.155).  
Percentage of correct classification increased slightly using standardized variables over 
PC variables, which did not indicate an overall improvement using standardized variables 
over PC variables. 
 
2006 
 
Logistic regression analysis was conducted using soybean 05, corn 06, soybean 
07, corn 08 and soybean 09 yield for the Lewis East field (Table 3.158).  Crop yield was 
coded as 1 or 0 for meeting or failing to meet bond release standards for each year. Nine 
PC derived variables were used as independent variables to describe meeting bond 
release standards for each year.  Logistic regression was not performed using soybean 05 
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 since all observations met bond release standards.  Principal component seven and PC8 
were significant (P < 0.10) in describing corn 06 bond release standards (model             
R2 = 0.51) while PC1, PC2, PC7 and PC9 were significant in describing soybean 07 bond 
release standards (model R2 = 0.77).  Principal component two, PC3, PC4 and PC7 were 
significant (P < 0.10) in describing corn 08 bond release standards (model R2 = 0.62).  
Logistic regression was not performed using soybean 09 since all observation were below 
bond release standards.  Since all logistic regression coefficients were negative in 
describing bond release standards, this indicated that low scores were related to higher 
probability of meeting bond release standards.  All logistic regression coefficients were 
the same as noted for regression, thus interpretation was the same.  This indicated that the 
probability of meeting corn 06 bond release standards was higher in field areas with low 
soil moisture and higher soil strength at the deeper soil depth segment and higher water 
convergence.  The probability of meeting soybean 07 bond release standards was higher 
in field areas with low soil strength and quality across soil depth segments, deeper depth 
to compaction, higher electrical conductivity, higher elevation and higher water flow and 
accumulation.  The probability of meeting corn 08 bond release standards was higher in 
field areas with higher soil strength in the upper soil depth segment, higher water 
accumulation, lower electrical conductivity and higher elevation.  These results were 
similar to CPT 05 sampling, however not as interpretable. 
 Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.153).  Logistic 
regression models correctly classified observations into the meeting and not meeting 
bond release categories 97% and 60% for corn 06, 82% and 96% for soybean 07, 67% 
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 and 97% for corn 08, respectively.  These results indicate that logistic regression models 
across cropping seasons perform well in distinguishing meeting and not meeting bond 
release categories, even though observation number was low for corn 06 not meeting 
bond release standards category.  
As a comparison to PC, logistic regression models were developed using 
standardized variables for corn 06 (model R2 = 0.57), soybean 07 (model R2 = 0.45), corn 
08 (model R2 = 0.51) (Table 3.159).  Similar to PC, significant variables included soil 
strength and water relationships as predominant factors which influence meeting bond 
release standards.  Interpretation of individual variable sign and contribution was difficult 
given the correlation among these variables.  Logistic regression models correctly 
classified observations into the meeting and not meeting bond release categories 98% and 
40% for corn 06, 79% and 81% for soybean 07 and 60% and 96% for corn 08, 
respectively (Table 3.155).  Percentage of higher correct classification was inconsistent 
between using standardized and PC variables which indicated no overall improvement 
using standardized variables over PC variables. 
Logistic regression analysis was also conducted using combined soybean and corn 
yield for the Lewis East field (Table 3.156).  Principal component one, PC7, PC9, a depth 
to compaction x summer precipitation interaction and crop and year categorical variables 
were significant (P < 0.10) in describing combined bond release standards (model          
R2 = 0.80).  Logistic PC regression coefficients were similar to those mentioned in the 
previous section, thus interpretation was the same.  A positive coefficient for the corn 
categorical variable indicated that corn was more likely to meet bond release standards 
compared to soybean.  A negative coefficient for the year categorical variable indicated 
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 that as cropping years increased, the probability of meeting bond release standards 
decreased.  This was a function of both crop and weather.  An interaction of depth to 
compaction and summer precipitation indicated that depth to compaction differed with 
precipitation thus influencing crop yield.  This indicated that the probability of meeting 
combined bond release standards was higher in field areas with low soil strength and 
quality across soil depth segments, deeper depth to compaction, higher electrical 
conductivity, higher elevation and higher water flow and accumulation.  Logistic 
regression for the combined model classified 89% and 90% of observations correctly into 
the meeting and not meeting bond release categories, respectively (Table 3.153).  These 
results indicated that the combined model adequately distinguished between meeting and 
not meeting bond release categories and was similar to 2005. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.80) (Table 3.157).  Similar to PC, significant 
variables included soil strength as predominant factors which influence meeting bond 
release standards.  Interpretation of individual variable sign and contribution was difficult 
given the correlation among these variables.  Logistic regression for the combined model 
classified 88% and 92% of observations correctly into the meeting and not meeting bond 
release categories, respectively (Table 3.155).  Percentage of correct classification did not 
increase consistently using standardized variables over PC variables which indicated no 
overall improvement using standardized variables over PC variables. 
 
2007 
 
Logistic regression analysis was conducted using soybean 05, corn 06, soybean 
07, corn 08 and soybean 09 yield for the Lewis East field (Table 3.160).  Crop yield was 
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 coded as 1 or 0 for meeting or failing to meet bond release standards for each year. 
Twelve PC derived variables were used as independent variables to describe meeting 
bond release standards for each year.  Principal component seven, PC8 and PC11 were 
significant (P < 0.10) in describing soybean 05 bond release standards (model R2 = 0.40) 
while PC2, PC3 and PC4 were significant in describing corn 06 bond release standards 
(model R2 = 0.23).  Principal component one, PC2 and PC10 were significant (P < 0.10) 
in describing soybean 07 bond release standards (model R2 = 0.54) while PC2, PC3, PC5 
and PC8 were significant in describing corn 08 bond release standards (model R2 = 0.24).  
Logistic regression was not performed using soybean 09 since all observation were below 
bond release standards.  Since all logistic regression coefficients were negative in 
describing bond release standards, except for PC4 and PC7, this indicated that low scores 
were related to higher probability of meeting bond release standards.  The opposite was 
true for PC4 and PC7.  All logistic regression coefficients were the same as noted for 
regression, except for PC3, PC5 and PC11, thus interpretation was the same.  Low PC3 
scores were indicative of low soil strength and deeper depth to compaction.  Low PC5 
scores were indicative of low soil strength at the deeper soil depth segment, high soil 
strength in the upper soil depth segment, high water content in the lower soil depth 
segment and increased water flow.  Low PC11 scores were indicative of low carbon at 
the deeper soil depth segment.  This indicated that the probability of meeting soybean 05 
bond release standards was higher in field areas with high water content at the deeper soil 
depth segment, high water accumulation, low elevation and low carbon at the deeper soil 
depth segment.  The probability of meeting corn 06 bond release standards was higher in 
field areas with low electrical conductivity, low soil fertility, low soil strength, deeper 
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 depth to compaction and high water content at the deeper soil depth segment.  The 
probability of meeting soybean 07 bond release standards was higher in field areas with 
low soil strength and quality across soil depth segments, high water content in the upper 
soil depth segments, deeper depth to compaction, high electrical conductivity, high water 
flow and higher soil fertility.  The probability of meeting corn 08 bond release standards 
was higher in field areas with low electrical conductivity, low soil fertility, low soil 
strength, deeper depth to compaction, high water content at the deeper soil depth, high 
water flow.  While differences existed in interpretation of meeting bond release standards 
for soybean 05, corn 06, soybean 07 and corn 08, results consistently showed that low 
soil strength was important in meeting bond release standards.  This is in agreement with 
2005 and 2006 CPT sampling times. 
Using logistic regression models for each crop, observations were classified into 
categories for meeting or failing to meet bond release standards (Table 3.153).  Logistic 
regression models correctly classified observations into the meeting and not meeting 
bond release categories 100% and 17% for soybean 05, 99% and 0% for corn 06, 79% 
and 79% for soybean 07 and 0% and 99% for corn 08, respectively.  Low percentage of 
correct classification for soybean 05, corn 06 and corn 08 was mainly due to a low 
number of observations for model development.  These results indicated that logistic 
regression models across cropping seasons did not perform as well compared to CPT 
sampling times of 2005 and 2006. 
As a comparison to PC, logistic regression models were developed using 
standardized variables for soybean 05 (model R2 = 0.62), corn 06 (model R2 = 0.52), 
soybean 07 (model R2 = 0.72) and corn 08 (model R2 = 0.67) (Table 3.161).  Similar to 
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 PC, significant variables included soil strength and water relationships as predominant 
factors which influence meeting bond release standards.  Interpretation of individual 
variable sign and contribution was difficult given the correlation among these variables.  
Logistic regression models correctly classified observations into the meeting and not 
meeting bond release categories 99% and 67% for soybean 05, 94% and 44% for corn 06, 
90% and 81% for soybean 07 and 80% and 96% for corn 08, respectively (Table 3.155).  
Percentage of correct classification was higher using standardized variables over PC 
variables, which indicated an overall improvement using standardized variables over PC 
variables. 
Logistic regression analysis was also conducted using combined soybean and corn 
yield for the Lewis East field (Table 3.156).  Principal component one, PC2, PC3, PC7, 
PC8, PC10 and crop and year categorical variables were significant (P < 0.10) in 
describing combined bond release standards (model R2 = 0.75).  Logistic PC regression 
coefficients were similar to those mentioned in the previous section, thus interpretation 
was the same.  A positive coefficient for the corn categorical variable indicated that corn 
was more likely to meet bond release standards compared to soybean.  A negative 
coefficient for the year categorical variable indicated that as cropping years increased, the 
probability of meeting bond release standards decreased.  This was a function of both 
crop and weather.  This indicated that the probability of meeting combined bond release 
standards was higher in field areas with low soil strength and quality across soil depth 
segments, high water content in the upper soil depth segments, deeper depth to 
compaction, high electrical conductivity, high water flow and higher soil fertility.  
Logistic regression for the combined model classified 86% and 92% of observations 
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 correctly into the meeting and not meeting bond release categories, respectively      
(Table 3.153).  These results indicated that the combined model adequately distinguished 
between meeting and not meeting bond release categories. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.77) (Table 3.157).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model classified 89% and 89% of observations correctly into 
the meeting and not meeting bond release categories, respectively (Table 3.155).  
Percentage of correct classification was inconsistent between using standardized 
variables and PC variables, which indicated no overall improvement using standardized 
variables over PC variables. 
 
COMBINED ANALYSIS ACROSS CPT DATA SETS AND CROP YEARS 
 
Logistic regression analysis was conducted across CPT data sets using combined 
soybean 05, corn 06, soybean 07, corn 08 and soybean 09 yield for the Lewis East field 
(Table 3.162).  Ten PC derived variables were used as independent variables to describe 
combined CPT data sets and meeting bond release standards across years.  Cone 
penetrometer data sets were standardized, by set, prior to logistic regression analysis.  
Principal component one, PC2, PC3, PC4, PC8, depth to compaction x summer 
precipitation interaction, and corn and year categorical variables were significant           
(P < 0.10) in describing combined CPT data sets and meeting bond release standards 
(model R2 = 0.78) (Table 3.162).  The difference between CPT data sets (2005, 2006 and 
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 2007) was tested as well as crop x CPT data set interactions, however none were found to 
be significant.  All logistic regression coefficients were similar to those identified in 
combined regression analysis, except PC4, thus interpretation was the same.  Low PC4 
scores were indicative of low elevation and high water accumulation.  A positive 
coefficient for the corn categorical variable indicated that corn was more likely to meet 
bond release standards compared to soybean.  A negative coefficient for the year 
categorical variable indicated that as cropping years increased, the probability of meeting 
bond release standards decreased.  This indicated that soil description and probability of 
meeting bond release response between CPT data sets were not different, thus one CPT 
data set would be sufficient for soil description.  Probability of meeting bond release 
standards was higher in field areas with lower soil strength and quality across soil depth 
segments, deeper depth to compaction, lower elevation, higher electrical conductivity, 
higher water flow divergence and higher accumulation. 
As a comparison to PC, a combined logistic regression model was developed 
using standardized variables (model R2 = 0.79) (Table 3.162).  Similar to PC, significant 
variables included soil strength and water relationships as predominant factors which 
influence meeting bond release standards.  Interpretation of individual variable sign and 
contribution was difficult given the correlation among these variables.  Logistic 
regression for the combined model using PC variables classified 88% and 92% of 
observations correctly into the meeting bond release and not meeting bond release 
categories, respectively (Table 3.163).  Logistic regression for the combined model using 
standardized variables classified 89% and 91% of observations correctly into the meeting 
bond release and not meeting bond release categories, respectively (Table 3.163).  
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 Percentage of correct classification was not improved using standardized variables over 
PC variables. 
 
SUMMARY OF REGRESSION AND LOGISTIC REGRESSION ANALYSIS 
 
 Regression analysis using crop yield was conducted for the Cannelburg Mine site, 
Wildcat Hills Mine site, Cedar West and East fields and Lewis West, East and 
Undisturbed fields.  Logistic regression analysis using crop yield coded as meeting or not 
meeting bond release standards was conducted for Cedar East and West fields and Lewis 
West and East fields.  Logistic regression was not conducted for the Cannelburg and 
Wildcat Hills Mine sites due to unavailability of bond release standards. 
 
REGRESSION ANALYSIS 
Cannelburg regression analysis results indicated that field areas with lower soil 
strength values in the upper profile and not susceptible to water runoff or ponding were 
consistently higher in crop yield.  Wildcat Hills regression analysis indicated that field 
areas with lower clay content at the middle soil depth segments and higher elevation were 
important in achieving high wheat yield.  Cedar West regression analysis (2006 and 
2008) indicated that higher crop yield was located in field areas with low soil strength, 
deeper depth to compaction, higher elevation and higher C and OM values.  High wheat 
yield was primarily located in field areas with low elevation and high water 
accumulation.  Cedar East regression analysis (2006, 2008 and 2011) indicated that 
higher corn and soybean yield was located in field areas with high soil water content, low 
soil strength, deeper depth to compaction and higher soil quality at deeper depth 
segments while higher wheat yield was mainly driven by water availability.  Lewis 
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 Undisturbed regression analysis indicated that higher soybean and corn yield was located 
in field areas with higher clay content and soil fertility.  Lewis West regression analysis 
(2006 and 2007) indicated that higher crop yield was located in field areas with low soil 
strength, low elevation, higher electrical conductivity, higher soil quality and higher 
water flow.  Lewis East regression analysis (2005, 2006 and 2007) indicated that higher 
crop yield was located in field areas with low soil strength, low quality, high electrical 
conductivity, deeper depth to compaction, lower elevation and high water accumulation. 
Overall, results indicated that higher crop yield, across sites, fields and time of 
CPT sampling, was related to low soil strength and deeper depth to compaction.  
Elevation was important in describing water flow characteristics and mostly related to 
wheat yield.  Electrical conductivity was related to soil water content and soil strength. 
 
LOGISTIC REGRESSION ANALYSIS 
Cedar West logistic regression analysis (2006 and 2008) indicated that the 
probability of meeting corn and soybean bond release standards was higher in field areas 
with low soil strength, deeper depth to compaction, higher elevation and higher C and 
OM values, while the probability of meeting wheat bond release standards was higher in 
field areas with higher slope, high soil strength, higher electrical conductivity and lower 
water and carbon at the deeper soil depth segments.  Wheat bond release patterns were 
opposite of the corn and soybean pattern.  Cedar East logistic regression analysis (2006 
and 2008) indicated that the probability of meeting soybean bond release standards was 
higher in field areas with low soil strength, higher soil water content, deeper depth to 
compaction and higher soil quality at deeper soil depth segments.  However, Cedar East 
11 logistic regression analysis indicated that the probability of meeting soybean bond 
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 release standards was higher in field areas with high water flow and low accumulation.  
The probability of meeting wheat bond release standards was higher in field areas with 
higher water flow and accumulation, higher soil quality in the upper soil depth segment, 
low elevation and high soil strength.  Lewis West logistic regression analysis (2006 and 
2007) indicated that the probability of meeting crop bond release standards was higher in 
field areas with low soil strength and quality across soil depth segments, low elevation, 
high electrical conductivity and water flow and high clay content.  Lewis East logistic 
regression analysis (2005, 2006 and 2007) indicated that the probability of meeting crop 
bond release standards was higher in field areas with low soil strength and quality across 
soil depth segments, high electrical conductivity and water flow, deeper depth to 
compaction, low elevation and high soil fertility.   
Overall, results indicated that higher probability of meeting bond release 
standards, across the Cedar Creek and Lewis Mine sites and time of CPT sampling, was 
related to low soil strength and deeper depth to compaction.  Elevation was important in 
describing water flow characteristics and mostly related to wheat yield.  Electrical 
conductivity was related to soil water content and soil strength. 
 
COMPARISON OF RESULTS TO PREVIOUS LITERATURE 
Surface mining operations often result in a post-mined soil structure that is 
attributable to mine reclamation methods rather than natural soil forming factors 
(McSweeney and Jansen, 1984).  Crop productivity on these soils has been poor 
(Henning and Colvin, 1977) and shown to be highly dependent upon weather patterns 
(Neilsen and Miller, 1980; Jansen et al., 1985).  Previous research has shown that newly 
developed mine soils have poor physical structure (Indorante et al., 1981; McSweeney et 
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 al., 1987; Dunker et al., 1993) which can restrict crop root development (Fehrenbacher et 
al., 1982; Thompson et al., 1987).  Research studies have shown that poor physical 
structure of mined soils (high soil strength) is the most limiting crop yield factor in 
Illinois (Dunker et al., 1993; Dunker et al., 1995).  Remedial actions such as deep tillage 
(Hooks et al., 1987; Dunker et al., 1995) have proven effective in loosening compacted 
soils and restoring crop productivity on mined lands.  On a scraper-placed mine soil with 
high soil compaction, Dunker et al. (1995) found that both corn and soybean yields were 
significantly increased with depth of tillage.  Excellent corn and soybean yields have 
been achieved on low soil strength soils in high stress as well as low stress years.  
Similarly, Bledsoe et al. (1992) found tillage on mined soils in southern Illinois to reduce 
compaction and increase corn yields.  These results are in agreement with results in the 
current study which indicated that higher probability of meeting bond release standards 
was related to low soil strength and deeper depth to compaction. 
Apparent electrical conductivity and elevation are quick, dense pieces of 
information for describing soil variability.  As observed in the current study, soil ECa has 
shown to be related to soil water content (Sudduth et al., 1995; Sheets and Hendrickx, 
1995).  Furthermore, ECa has been linked to crop yield variability (Kitchen et al., 1999; 
Jaynes et al., 2003; Kitchen et al., 2003; Kravchenko et al., 2003; Schepers et al., 2004; 
Kaspar et al., 2004).  Elevation and topographical features have been also been linked to 
crop yield variability (Kravchenko and Bullock, 2000; Kaspar et al., 2003; Kitchen et al., 
2003; Kravchenko et al., 2003; Jiang and Thelen, 2004).  
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 MODEL VALIDATION 
 
 Validation of soil-based models was conducted using models constructed for the 
Lewis West field on the Cedar West and East fields.  Models tested were constructed 
using PC or standardized variables.  Logistic regression models for corn 2006 and 
soybean 2007 were selected to test models based on average and below average rainfall 
growing seasons, respectively.  Specifically, data collected on the Cedar West and East 
fields was entered into logistic models already developed for the Lewis West field.  
Resulting probability estimates were then mapped and compared to actual crop yield 
results obtained on the Cedar West and East fields. 
 For the corn 2006 logistic regression model, results were similar between models 
developed using PC (Fig. 3.81) and standardized variables (Fig. 3.82).  Both sets of 
results showed that the probability of meeting bond release standards was higher for the 
upper part of the Cedar West field (Fig. 3.81 A, 3.82 A) and higher for the lower middle 
and upper part of the Cedar East field (Fig. 3.81 B and C, 3.82 B and C).  These results 
were in agreement with standardized corn and soybean yield field patterns (Fig. 3.39, 
3.47).  They were also in agreement with corn and soybean yield coded as meeting bond 
release (Fig. 3.77, 3.78).  Higher probability of meeting bond release standards was 
reflective of field areas with low soil strength.  Wheat yield patterns were not in 
agreement with predictions since they were more heavily influenced by water availability 
as compared to soil strength. 
 For the soybean 2007 logistic regression model, results were similar between 
models developed using PC (Fig. 3.83) and standardized variables (Fig. 3.84).  Both sets 
of results showed that the probability of meeting bond release standards was higher for 
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 the upper part of the Cedar West field (Fig. 3.83 A, 3.84 A) and higher for the lower 
middles and upper part of the Cedar East field (Fig. 3.83 B and C, 3.84 B and C).  As 
with results based on corn 2006 models, these were in agreement with corn and soybean 
yield patterns.  Interestingly, results obtained using soybean 2007 models were more 
refined compared to results obtained using corn 2006 models.  This difference may be 
explained by corn 2006 models accounting for higher precipitation growing conditions as 
compared to soybean 2007 models.  Soybean 2007 models predict field areas meeting 
bond release standards more consistently, without accounting for additional field areas 
meeting bond release standards due to favorable weather conditions.  However, both sets 
of models adequately predict field areas as meeting bond release standards as compared 
to actual crop yield monitor results. 
 Correlations for corn 2006 and soybean 2007 yield with probability values 
calculated for each logistic regression model ranged from weak (r = 0.03) to moderate    
(r = 0.53) in strength (Table 3.164).  Correlations were generally stronger using 
standardized variables compared to PC variables which indicated a stronger relationship 
between corn and soybean yield and the probability of meeting bond release standards.  
Correlations were also higher using corn 2006 logistic regression models compared to 
soybean 2007 logistic regression models.  This difference may be explained by the corn 
2006 models accounting for higher precipitation growing conditions as compared to 
soybean 2007 models.  Probability of meeting bond realease standards was lower for 
soybean 2007 models, thus probabililites were not as reflective of intermediate corn and 
soybean yield values.  Standardized corn and soybean means were consistently lower 
(below the mean) across models for the probability category of less than 0.5, while higher 
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for the probability category of higher than 0.5 (Table 3.164).  These validation results 
show that the probability of meeting bond release standards (as developed by models 
developed on the Lewis West field) is consistent with crop yield patterns on the Cedar 
West and East fields. 
 
 CONCLUSION 
 
Correlations were stronger across and between soil depth segments for TS and 
Force for the Lewis East and West fields compared to the Cedar East and West fields. 
Differences in correlation between fields may be explained by differences in soil 
reconstruction materials and reclamation methods.  Crop yield was consistently higher for 
field areas with low soil strength for the Cedar and Lewis East and West fields.  
Correlations of ECa with TS across soil depth segments were stronger for the Lewis East 
field compared to the other 3 fields.  This suggested that ECa was more closely related to 
water variation for the Cedar East, Cedar West and Lewis West fields and soil strength 
variation for the Lewis East field.  Correlations among crop yield, ECa and elevation 
were affected by scale of data selection (5 or 10 m) which was important in maximizing 
correlation among these variables and with TS at 4 soil depth segments.  While overall 
improvements in correlation were small and sample size varied, correlations were 
nonetheless improved using a 5 m data selection scale compared to a 10 m selection 
scale, especially for ECa and elevation.  For the Cedar West and East fields, range of 
correlation of ECa, elevation corn 2006, soybean 2007, and wheat 2008 was only lower in 
the N-S direction for soybean 2007, which indicated greater spatial continuity among 
measured data in the E-W direction compared to the N-S direction.  For the Lewis West 
field, range of correlation for ECa, elevation, soybean 2005, corn 2006, soybean 2007, 
corn 2008, and soybean 2009 was only higher in the N-S direction for soybean 2007 and 
2009, which indicated greater spatial continuity among measured data in the E-W 
direction compared to the N-S direction.  For the Lewis East field, range of correlation 
was only higher in the N-S direction for elevation and soybean 2005, which indicated 
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 greater spatial continuity among measured data in the E-W direction compared to the N-S 
direction.  For the Cedar West field, range of correlation of TS and Force varied among 
soil depth segments with no consistent directional pattern, however correlation was 
mainly short range.  For the Cedar East field, range of correlation of TS and Force was 
consistently higher for the E-W direction compared to the N-S direction.  For the Lewis 
West field, range of correlation of TS and Force was greater in the N-S direction 
compared to the E-W direction while no consistent directional pattern was observed for 
the Lewis East field, however mainly short-range. 
Three methods of ECa, elevation and crop yield selection (5 m, 10 m, and block 
kriging) were compared using logistic and linear regression for the Cedar West field in 
2006 and 2008 and the Lewis West field in 2006 and 2007.  Overall, the 10 m selection 
method provided slightly better classification of observations using logistic regression 
and higher regression model R2 in explaining crop variability.  Improvement over the 
other selection methods was small, however.   
Multiple regression results indicated that higher crop yield, across sites, fields and 
time of CPT sampling, was related to low soil strength and deeper depth to compaction.  
Elevation was important in describing water flow characteristics and mostly related to 
wheat yield.  Electrical conductivity was related to soil water content and soil strength.  
Similarly, logistic regression results indicated that higher probability of meeting bond 
release standards, across the Cedar Creek and Lewis Mine sites and time of CPT 
sampling, was related to low soil strength and deeper depth to compaction.  Relationships 
among elevation and ECa with soil water content and soil strength were the same as 
multiple regression analysis. 
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  Validation of soil-based models was conducted using models constructed using 
PC or standardized variables for the Lewis West field on the Cedar West and East fields.  
Specifically, data collected on the Cedar West and East fields was entered into logistic 
models already developed for the Lewis West field.  For the corn 2006 logistic regression 
model, results were similar between models developed using PC and standardized 
variables.  Both sets of results showed that the probability of meeting bond release 
standards was higher for the upper part of the Cedar West field and higher for the lower 
middle and upper part of the Cedar East field.  These results were in agreement with corn 
and soybean yield field patterns.  Higher probability of meeting bond release standards 
was reflective of field areas with low soil strength.  Wheat yield patterns were not in 
agreement with predictions since they were more heavily influenced by water availability 
as compared to soil strength. 
For the soybean 2007 logistic regression model, results were similar between 
models developed using PC and standardized variables.  Both sets of results showed that 
the probability of meeting bond release standards was higher for the upper part of the 
Cedar West field and higher for the lower middle and upper part of the Cedar East field.  
As with results based on corn 2006 models, these were in agreement with corn and 
soybean yield patterns.  Interestingly, results obtained using soybean 2007 models were 
more refined compared to results obtained using corn 2006 models.  This difference may 
be explained by corn 2006 models accounting for higher precipitation growing conditions 
as compared to soybean 2007 models.  Soybean 2007 models predict field areas meeting 
bond release standards more consistently, without accounting for additional field areas 
meeting bond release standards due to favorable weather conditions.  However, both sets 
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of models adequately predict field areas as meeting bond release standards as compared 
to actual crop yield monitor results.  In addition, standardized corn and soybean means 
were consistently lower (below the mean) across models for the probability category of 
less than 0.5, while higher for the probability category of higher than 0.5.  These 
validation results show that the probability of meeting bond release standards, (as 
developed by models developed on the Lewis West field), is consistent with crop yield 
patterns on the Cedar West and East fields. 
My research indicates that soil strength and water availability primarily influence 
a field’s ability to meet crop yield standards across time.  Model validation between 
fields and among sites has been encouraging, thus I propose modeling soil variability as a 
diagnostic tool to identify problematic field areas and to complement yield-based 
requirements. 
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 TABLES AND FIGURES 
 
Table 3.1. Data collection summary for coal-mined sites with multiple fields.       
Data Type Cedar Site Lewis Site 
 East Field West Field North Field Stockpile East Field West Field Undisturbed 
Crop Yield† Corn 2006 Corn 2006 Wheat 2007 Wheat 2007 Soybean 2005 Soybean 2005 Soybean 2005 
 Soybean 2007 Soybean 2007   Corn 2006 Corn 2006 Corn 2006 
 Wheat 2008 Wheat 2008   Soybean 2007 Soybean 2007 Soybean 2007 
     Corn 2008 Corn 2008 Corn 2008 
     Soybean 2009 Soybean 2009 Soybean 2009 
        
CPT‡ April 2006 (83)§ Oct 2006 (49) July 2007 (57) July 2007 (17) Oct 2005 (55) June 2006 (69) Oct 2005 (50) 
 Sept 2008 (75) Sept 2008 (59)   June 2006 (59) Sept 2007 (62)  
 July 2011 (59)    Sept 2007 (87)   
        
VIS-NIR¶ June 2010 June 2010 None None May 2010 May 2010 None 
        
Elevation# June 2007 June 2007 Probe Points Probe Points April 2007 April 2007 Probe Points 367         
EM38†† June 2007 June 2007 None None April 2007 April 2007 None 
        
Fertility‡‡ None None None None April 2008 April 2008 April 2008 
        
Weather§§ Yes Yes Yes Yes Yes Yes Yes 
† Georeferenced crop yield data.      
‡ Cone penetrometer test data.   
§ Number of cone penetrometer sample locations.   
¶ VIS-NIR soil spectrophotometer data.   
# Elevation was collected using GPS software attached to an ATV.   
†† EM-38 electromagnetic induction EC meter.   
‡‡ Soil fertility data.   
 §§ Weather data collected from the closest monitoring station to each site. 
 
 
 
 Table 3.2. Data collection summary for coal-mined sites with single fields. 
Data Type Wildcat Hills Site Cannelburg Site Cypress Creek Site 
 Field 1 Field 1 Field 1 
Crop Yield† Wheat 2006 Corn 2005 None 
  Soybean 2006  
    
CPT‡ Oct 2005 (62)§ Oct 2005 (92) Oct 2005 (50) 
    
VIS-NIR¶ None None None 
    
Elevation# Sept 2007 Probe Points Probe Points 
    
EM38†† Sept 2007 None None 
    
Fertility‡‡ None None None 
    
Weather§§ Yes Yes Yes 
 † Georeferenced crop yield data. 
‡ Cone penetrometer test data. 
§ Number of cone penetrometer sample locations. 
¶ VIS-NIR soil spectrophotometer data. 
# Elevation was collected using GPS software attached to an ATV. 
†† EM-38 electromagnetic induction EC meter. 
‡‡ Soil fertility data. 
§§ Weather data collected from the closest monitoring station to each site. 
368 
 Table 3.3. Target yield standards for the Cedar Creek and Lewis Mine sites.  
 Cedar Creek Site Lewis Site 
Year Corn Soybean Wheat Corn Soybean Wheat 
2005 8.89† 3.13 4.57 8.37 3.13 3.61 
2006 9.21 2.86 4.83 8.37 3.13 3.61 
2007 10.36 2.33 4.13 8.37 3.13 3.61 
2008 10.97 2.82 3.63 8.37 3.13 3.61 
2009 10.44 2.95 3.21 8.37 3.13 3.61 
† Crop yield (Mg ha-1) required to meet bond release standards.  
 
369 
  
370
Table 3.4. Correlation of CPT data collected in 2006 and soil spectrophotometer data collected in 2010 for the Cedar East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.56 
 
0.10 
 
0.02 
 
0.08 
 
0.16 
 
0.20 
 
0.16 
 
TS 46-69 
<0.0001 
83 
1 
 
0.51 
 
0.24 
 
-0.20 
 
-0.05 
 
-0.01 
 
-0.01 
 
TS 69-91 
0.3835 
83 
<0.0001 
83 
1 
 
0.51 
 
-0.08 
 
-0.04 
 
0.02 
 
0.01 
 
TS 91-114 
0.8645 
82 
0.0288 
82 
<0.0001 
82 
1 
 
-0.05 
 
0.07 
 
0.08 
 
0.10 
 
F 23-46 
0.4694 
83 
0.0680 
83 
0.5004 
83 
0.6365 
82 
1 
 
0.60 
 
0.25 
 
0.11 
 
F 46-69 
0.1421 
83 
0.6447 
83 
0.7467 
83 
0.5082 
82 
<0.0001 
83 
1 
 
0.66 
 
0.45 
 
F 69-91 
0.0652 
83 
0.9751 
83 
0.8645 
83 
0.4751 
82 
0.0229 
83 
<0.0001 
83 
1 
 
0.89 
 
F 91-114 
0.1568 
83 
0.8982 
83 
0.9547 
83 
0.3749 
82 
0.3189 
83 
<0.0001 
83 
<0.0001 
83 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.5. Correlation of CPT data collected in 2008 and soil spectrophotometer data collected in 2010 for the Cedar East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.35 
 
-0.03 
 
-0.15 
 
0.13 
 
0.20 
 
0.13 
 
0.17 
 
TS 46-69 
0.0021 
75 
1 
 
0.27 
 
-0.04 
 
0.18 
 
0.15 
 
0.18 
 
0.10 
 
TS 69-91 
0.7941 
75 
0.0210 
75 
1 
 
0.55 
 
0.23 
 
0.05 
 
0.15 
 
0.13 
 
TS 91-114 
0.1905 
75 
0.7186 
75 
<0.0001 
75 
1 
 
0.06 
 
-0.04 
 
0.04 
 
0.04 
 
F 23-46 
0.2520 
75 
0.1167 
75 
0.0458 
75 
0.6259 
75 
1 
 
0.61 
 
0.23 
 
0.10 
 
F 46-69 
0.0790 
75 
0.2069 
75 
0.6765 
75 
0.7031 
75 
<0.0001 
75 
1 
 
0.60 
 
0.39 
 
F 69-91 
0.2661 
75 
0.1174 
75 
0.2007 
75 
0.7473 
75 
0.0521 
75 
<0.0001 
75 
1 
 
0.89 
 
F 91-114 
0.1545 
75 
0.4151 
75 
0.2655 
75 
0.7444 
75 
0.3918 
75 
0.0005 
75 
<0.0001 
75 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.6. Correlation of CPT data collected in 2011 and soil spectrophotometer data collected in 2010 for the Cedar East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.70 
 
0.19 
 
-0.01 
 
0.13 
 
0.02 
 
0.07 
 
0.12 
 
TS 46-69 
<0.0001 
59 
1 
 
0.48 
 
0.20 
 
0.21 
 
0.02 
 
0.10 
 
0.11 
 
TS 69-91 
0.1472 
59 
0.0001 
59 
1 
 
0.62 
 
0.12 
 
-0.14 
 
0.03 
 
0.07 
 
TS 91-114 
0.9635 
59 
0.1302 
59 
<0.0001 
59 
1 
 
0.09 
 
0.02 
 
0.15 
 
0.21 
 
F 23-46 
0.3092 
59 
0.1063 
59 
0.3789 
59 
0.5060 
59 
1 
 
0.59 
 
0.19 
 
0.08 
 
F 46-69 
0.8656 
59 
0.8544 
59 
0.2914 
59 
0.8626 
59 
<0.0001 
59 
1 
 
0.56 
 
0.38 
 
F 69-91 
0.6227 
59 
0.4657 
59 
0.8263 
59 
0.2580 
59 
0.1424 
59 
<0.0001 
59 
1 
 
0.91 
 
F 91-114 
0.3495 
59 
0.3970 
59 
0.5969 
59 
0.1148 
59 
0.5324 
59 
0.0030 
59 
<0.0001 
59 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.7. Correlation of CPT data collected in 2006 and soil spectrophotometer data collected in 2010 for the Cedar West field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.43 
 
0.19 
 
-0.19 
 
0.38 
 
0.34 
 
0.10 
 
0.08 
 
TS 46-69 
0.0019 
49 
1 
 
0.38 
 
-0.01 
 
0.27 
 
0.32 
 
0.06 
 
0.05 
 
TS 69-91 
0.2007 
49 
0.0076 
49 
1 
 
0.52 
 
0.27 
 
0.30 
 
0.16 
 
0.06 
 
TS 91-114 
0.2020 
48 
0.9396 
48 
0.0001 
48 
1 
 
0.04 
 
0.12 
 
0.19 
 
0.18 
 
F 23-46 
0.0072 
49 
0.0577 
49 
0.0576 
49 
0.8074 
48 
1 
 
0.54 
 
0.07 
 
-0.06 
 
F 46-69 
0.0154 
49 
0.0232 
49 
0.0370 
49 
0.4159 
48 
<0.0001 
49 
1 
 
0.55 
 
0.10 
 
F 69-91 
0.4967 
49 
0.6751 
49 
0.2792 
49 
0.1967 
48 
0.6456 
49 
<0.0001 
49 
1 
 
0.53 
 
F 91-114 
0.5963 
49 
0.7299 
49 
0.6697 
49 
0.2237 
48 
0.6926 
49 
0.4738 
49 
<0.0001 
49 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
  
374
Table 3.8. Correlation of CPT data collected in 2008 and soil spectrophotometer data collected in 2010 for the Cedar West field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.53 
 
0.22 
 
-0.15 
 
0.19 
 
0.34 
 
0.40 
 
0.35 
 
TS 46-69 
<0.0001 
59 
1 
 
0.61 
 
0.18 
 
0.28 
 
0.41 
 
0.39 
 
0.27 
 
TS 69-91 
0.0933 
59 
<0.0001 
59 
1 
 
0.50 
 
0.13 
 
0.40 
 
0.34 
 
0.27 
 
TS 91-114 
0.2435 
59 
0.1769 
59 
<0.0001 
59 
1 
 
-0.04 
 
0.13 
 
0.02 
 
0.06 
 
F 23-46 
0.1508 
59 
0.0319 
59 
0.3109 
59 
0.7547 
59 
1 
 
0.50 
 
0.11 
 
0.01 
 
F 46-69 
0.0079 
59 
0.0011 
59 
0.0016 
59 
0.3150 
59 
<0.0001 
59 
1 
 
0.66 
 
0.33 
 
F 69-91 
0.0017 
59 
0.0023 
59 
0.0080 
59 
0.8679 
59 
0.4215 
59 
<0.0001 
59 
1 
 
0.75 
 
F 91-114 
0.0069 
59 
0.0351 
59 
0.0359 
59 
0.6313 
59 
0.9671 
59 
0.0108 
59 
<0.0001 
59 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.9. Correlation of CPT data collected in 2005 and soil spectrophotometer data collected in 2010 for the Lewis East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.73 
 
0.68 
 
0.39 
 
0.44 
 
0.43 
 
0.43 
 
0.43 
 
TS 46-69 
<0.0001 
55 
1 
 
0.73 
 
0.34 
 
0.39 
 
0.40 
 
0.38 
 
0.39 
 
TS 69-91 
<0.0001 
55 
<0.0001 
55 
1 
 
0.55 
 
0.43 
 
0.44 
 
0.50 
 
0.50 
 
TS 91-114 
0.0031 
55 
0.0110 
55 
<0.0001 
55 
1 
 
0.16 
 
0.12 
 
0.29 
 
0.30 
 
F 23-46 
0.0007 
55 
0.0030 
55 
0.0012 
55 
0.2453 
55 
1 
 
0.83 
 
0.56 
 
0.62 
 
F 46-69 
0.0010 
55 
0.0025 
55 
0.0008 
55 
0.3886 
55 
<0.0001 
55 
1 
 
0.77 
 
0.60 
 
F 69-91 
0.0011 
55 
0.0046 
55 
0.0001 
55 
0.0311 
55 
<0.0001 
55 
<0.0001 
55 
1 
 
0.59 
 
F 91-114 
0.0012 
55 
0.0032 
55 
<0.0001 
55 
0.0259 
55 
<0.0001 
55 
<0.0001 
55 
<0.0001 
55 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.10. Correlation of CPT data collected in 2006 and soil spectrophotometer data collected in 2010 for the Lewis East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.51 
 
0.32 
 
0.31 
 
0.44 
 
0.53 
 
0.32 
 
0.54 
 
TS 46-69 
<0.0001 
59 
1 
 
0.57 
 
0.40 
 
0.35 
 
0.44 
 
0.49 
 
0.51 
 
TS 69-91 
0.0131 
59 
<0.0001 
59 
1 
 
0.36 
 
0.25 
 
0.34 
 
0.36 
 
0.34 
 
TS 91-114 
0.0157 
59 
0.0018 
59 
0.0049 
59 
1 
 
0.37 
 
0.27 
 
0.35 
 
0.51 
 
F 23-46 
0.0005 
59 
0.0062 
59 
0.0564 
59 
0.0045 
59 
1 
 
0.86 
 
0.61 
 
0.63 
 
F 46-69 
<0.0001 
59 
0.0005 
59 
0.0081 
59 
0.0394 
59 
<0.0001 
59 
1 
 
0.75 
 
0.67 
 
F 69-91 
0.0131 
59 
<0.0001 
59 
0.0051 
59 
0.0062 
59 
<0.0001 
59 
<0.0001 
59 
1 
 
0.64 
 
F 91-114 
<0.0001 
59 
<0.0001 
59 
0.0078 
59 
<0.0001 
59 
<0.0001 
59 
<0.0001 
59 
<0.0001 
59 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.11. Correlation of CPT data collected in 2007 and soil spectrophotometer data collected in 2010 for the Lewis East field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.70 
 
0.42 
 
0.22 
 
0.40 
 
0.30 
 
0.21 
 
0.27 
 
TS 46-69 
<0.0001 
87 
1 
 
0.66 
 
0.32 
 
0.48 
 
0.46 
 
0.39 
 
0.43 
 
TS 69-91 
<0.0001 
87 
<0.0001 
87 
1 
 
0.67 
 
0.23 
 
0.23 
 
0.13 
 
0.21 
 
TS 91-114 
0.0402 
87 
0.0022 
87 
<0.0001 
87 
1 
 
0.21 
 
0.16 
 
0.07 
 
0.27 
 
F 23-46 
0.0001 
87 
<0.0001 
87 
0.0324 
87 
0.0555 
87 
1 
 
0.87 
 
0.62 
 
0.64 
 
F 46-69 
0.0054 
87 
<0.0001 
87 
0.0298 
87 
0.1417 
87 
<0.0001 
87 
1 
 
0.77 
 
0.66 
 
F 69-91 
0.0505 
87 
0.0002 
87 
0.2455 
87 
0.5249 
87 
<0.0001 
87 
<0.0001 
87 
1 
 
0.71 
 
F 91-114 
0.0102 
87 
<0.0001 
87 
0.0474 
87 
0.0105 
87 
<0.0001 
87 
<0.0001 
87 
<0.0001 
87 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.12. Correlation of CPT data collected in 2006 and soil spectrophotometer data collected in 2010 for the Lewis West 
field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.60 
 
0.18 
 
0.08 
 
0.34 
 
0.13 
 
0.07 
 
0.07 
 
TS 46-69 
<0.0001 
69 
1 
 
0.46 
 
0.24 
 
0.43 
 
0.21 
 
0.20 
 
0.36 
 
TS 69-91 
0.1359 
69 
<0.0001 
69 
1 
 
0.73 
 
0.34 
 
0.41 
 
0.46 
 
0.49 
 
TS 91-114 
0.5334 
69 
0.0505 
69 
<0.0001 
69 
1 
 
0.18 
 
0.39 
 
0.45 
 
0.39 
 
F 23-46 
0.0038 
69 
0.0003 
69 
0.0043 
69 
0.1346 
69 
1 
 
0.67 
 
0.47 
 
0.45 
 
F 46-69 
0.2965 
69 
0.0828 
69 
0.0005 
69 
0.0010 
69 
<0.0001 
69 
1 
 
0.88 
 
0.63 
 
F 69-91 
0.5692 
69 
0.1019 
69 
<0.0001 
69 
<0.0001 
69 
<0.0001 
69 
<0.0001 
69 
1 
 
0.71 
 
F 91-114 
0.5872 
69 
0.0021 
69 
<0.0001 
69 
0.0008 
69 
<0.0001 
69 
<0.0001 
69 
<0.0001 
69 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.13. Correlation of CPT data collected in 2007 and soil spectrophotometer data collected in 2010 for the Lewis West 
field.† 
Variable/Depth TS 23-46 TS 46-69 TS 69-91 TS 91-114 F 23-46‡ F 46-69 F 69-91 F 91-114 
TS 23-46 1  
0.43 
 
0.13 
 
0.18 
 
0.44 
 
0.19 
 
0.20 
 
0.24 
 
TS 46-69 
0.0004 
62 
1 
 
0.76 
 
0.47 
 
0.16 
 
0.20 
 
0.37 
 
0.41 
 
TS 69-91 
0.2988 
62 
<0.0001 
62 
1 
 
0.63 
 
-0.01 
 
0.22 
 
0.37 
 
0.39 
 
TS 91-114 
0.1682 
62 
0.0001 
62 
<0.0001 
62 
1 
 
0.28 
 
0.22 
 
0.25 
 
0.34 
 
F 23-46 
0.0004 
62 
0.2017 
62 
0.9296 
62 
0.0266 
62 
1 
 
0.65 
 
0.46 
 
0.45 
 
F 46-69 
0.1368 
62 
0.1123 
62 
0.0928 
62 
0.0909 
62 
<0.0001 
62 
1 
 
0.88 
 
0.64 
 
F 69-91 
0.1279 
62 
0.0034 
62 
0.0028 
62 
0.0518 
62 
0.0002 
62 
<0.0001 
62 
1 
 
0.73 
 
F 91-114 
0.0606 
62 
0.0010 
62 
0.0018 
62 
0.0061 
62 
0.0002 
62 
<0.0001 
62 
<0.0001 
62 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are 
found below the diagonal. 
‡ F is an abbreviation for Force as measured by the soil spectrophotometer. 
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Table 3.14. Correlation of tip strength, crop yield, electrical conductivity and elevation data collected for the 
Cannelburg Mine site.† 
Variable TS TS TS TS Corn Soybean Elevation Slope 
 23-46 46-69 69-91 91-114 2005 2006 m % 
TS 23-46 1  
0.68 
 
0.37 
 
0.40 
 
0.01 
 
-0.17 
 
0.05 
 
-0.01 
 
TS 46-69 
<0.0001 
91 
1 
 
0.48 
 
0.33 
 
-0.16 
 
-0.20 
 
-0.03 
 
-0.02 
 
TS 69-91 
0.0004 
91 
<0.0001 
91 
1 
 
0.68 
 
-0.08 
 
-0.09 
 
-0.01 
 
0.01 
 
TS 91-114 
<0.0001 
91 
0.0012 
91 
<0.0001 
91 
1 
 
0.14 
 
0.10 
 
-0.02 
 
-0.10 
 
Corn 2005 
0.8997 
91 
0.1343 
91 
0.4313 
91 
0.1834 
91 
1 
 
0.22 
 
-0.19 
 
-0.10 
 
Soybean 
2006 
0.1387 
78 
0.0773 
78 
0.4448 
78 
0.4016 
78 
0.0507 
78 
1 
 
-0.16 
 
0.05 
 
Elevation 
0.6095 
91 
0.7829 
91 
0.9491 
91 
0.8473 
91 
0.0771 
91 
0.1512 
78 
1 
 
0.23 
 
Slope 
0.9506 
91 
0.8160 
91 
0.9756 
91 
0.3344 
91 
0.3309 
91 
0.6370 
78 
0.0292 
91 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number 
of observations are found below the diagonal. 
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Table 3.15. Correlation of tip strength, crop yield, electrical conductivity and elevation data collected for the 
Wildcat Hills Mine site.† 
Variable TS TS TS TS Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 Ms m-1 m % 
TS 23-46 1  
0.70 
 
0.38 
 
0.07 
 
0.24 
 
-0.15 
 
0.16 
 
-0.34 
 
TS 46-69 
<0.0001 
62 
1 
 
0.55 
 
0.03 
 
0.25 
 
-0.13 
 
0.20 
 
-0.30 
 
TS 69-91 
0.0022 
62 
<0.0001 
62 
1 
 
0.44 
 
0.06 
 
-0.15 
 
0.17 
 
-0.09 
 
TS 91-114 
0.5942 
62 
0.8370 
62 
0.0004 
62 
1 
 
0.14 
 
0.13 
 
0.14 
 
0.07 
 
Wheat 
2006 
0.0587 
61 
0.0555 
61 
0.6589 
61 
0.2963 
61 
1 
 
-0.10 
 
0.27 
 
0.02 
 
ECa 
0.2401 
60 
0.3281 
60 
0.2392 
60 
0.3361 
60 
0.4606 
60 
1 
 
-0.59 
 
0.39 
 
Elevation 
0.2162 
60 
0.1200 
60 
0.1962 
60 
0.2750 
60 
0.0392 
60 
<0.0001 
60 
1 
 
-0.43 
 
Slope 
0.0077 
61 
0.0197 
61 
0.4675 
61 
0.5665 
61 
0.8772 
61 
0.0022 
60 
0.0005 
60 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number 
of observations are found below the diagonal. 
 Table 3.16. Correlation of tip strength, crop yield, electrical conductivity 
and elevation data collected for the Cedar Stockpile field.† 
Variable TS TS TS TS Elevation 
 23-46 46-69 69-91 91-114 m 
1 
 
0.38 
 
0.21 
 
0.39 
 
0.36 
 TS 23-46 
0.1280 0.61 
 
1 
 
0.07 
 
-0.03 
 TS 46-69 17 
0.4088 0.0087 1 
 
0.27 
 
-0.02 
 TS 69-91 17 17 
0.1259 0.7835 0.2889 1 
 
0.15 
 TS 91-114 17 17 17 
0.1529 0.9146 0.9282 0.5568 1 
 Elevation 17 17 17 17 
† Pearson correlation coefficients (r) are found above the diagonal while 
corresponding P-values and number of observations are found below 
the diagonal. 
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 Table 3.17. Correlation of tip strength, crop yield, electrical conductivity 
and elevation data collected for the Cedar North field.† 
Variable TS TS TS TS Elevation 
 23-46 46-69 69-91 91-114 m 
0.51 
 
1 
 
0.14 
 
0.13 
 
0.06 
 TS 23-46 
<0.0001 0.56 
 
1 
 
0.33 
 
0.13 
 TS 46-69 57 
0.3039 <0.0001 0.51 
 
1 
 
-0.03 
 TS 69-91 57 57 
0.3421 0.0122 <0.0001 1 
 
-0.09 
 TS 91-114 57 57 57 
0.6478 0.3180 0.8100 0.4989 1 
 Elevation 57 57 57 57 
† Pearson correlation coefficients (r) are found above the diagonal while 
corresponding P-values and number of observations are found below 
the diagonal. 
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Table 3.18. Correlation of tip strength in 2006, crop yield, electrical conductivity and elevation data collected for the Cedar West field.† 
Variable TS TS TS TS Corn Soybean Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 2007 2008 Ms m-1 m % 
TS 23-46 1  
0.43 
 
0.19 
 
-0.19 
 
-0.31 
 
-0.30 
 
0.15 
 
0.32 
 
-0.28 
 
0.26 
 
TS 46-69 
0.0019 
49 
1 
 
0.38 
 
-0.01 
 
-0.24 
 
-0.45 
 
0.15 
 
0.16 
 
-0.22 
 
0.09 
 
TS 69-91 
0.2007 
49 
0.0076 
49 
1 
 
0.52 
 
-0.29 
 
-0.32 
 
0.09 
 
0.16 
 
-0.17 
 
-0.09 
 
TS 91-114 
0.2020 
48 
0.9396 
48 
0.0001 
48 
1 
 
0.07 
 
-0.17 
 
0.04 
 
-0.15 
 
0.21 
 
-0.25 
 
Corn 2006 
0.0282 
49 
0.0983 
49 
0.0409 
49 
0.6398 
48 
1 
 
0.88 
 
-0.03 
 
-0.70 
 
0.49 
 
-0.04 
 
Soybean 2007 
0.0837 
35 
0.0071 
35 
0.0572 
35 
0.3335 
34 
<0.0001 
35 
1 
 
0.02 
 
-0.62 
 
0.64 
 
0.02 
 
Wheat 2008 
0.3838 
35 
0.3844 
35 
0.6108 
35 
0.8180 
34 
0.8461 
35 
0.9215 
35 
1 
 
-0.13 
 
-0.07 
 
0.36 
 
ECa 
0.0242 
48 
0.2853 
48 
0.2910 
48 
0.3094 
47 
<0.0001 
48 
<0.0001 
35 
0.4705 
35 
1 
 
-0.60 
 
0.21 
 
Elevation 
0.0520 
48 
0.1265 
48 
0.2540 
48 
0.1631 
47 
0.0004 
48 
<0.0001 
35 
0.6796 
35 
<0.0001 
48 
1 
 
-0.27 
 
Slope 
0.0735 
49 
0.5503 
49 
0.5502 
49 
0.0924 
48 
0.7772 
49 
0.9072 
35 
0.0348 
35 
0.1440 
48 
0.0646 
48 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are found 
below the diagonal. 
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Table 3.19. Correlation of tip strength in 2008, crop yield, electrical conductivity and elevation data collected for the Cedar West field.† 
Variable TS TS TS TS Corn Soybean Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 2007 2008 Ms m-1 m % 
TS 23-46 1  
0.53 
 
0.22 
 
-0.15 
 
-0.15 
 
0.07 
 
-0.04 
 
-0.08 
 
-0.06 
 
-0.06 
 
TS 46-69 
<0.0001 
59 
1 
 
0.61 
 
0.18 
 
-0.19 
 
-0.12 
 
0.01 
 
-0.07 
 
-0.05 
 
-0.12 
 
TS 69-91 
0.0933 
59 
<0.0001 
59 
1 
 
0.50 
 
-0.26 
 
-0.29 
 
0.14 
 
0.13 
 
0.02 
 
-0.07 
 
TS 91-114 
0.2435 
59 
0.1769 
59 
<0.0001 
59 
1 
 
-0.28 
 
-0.40 
 
0.01 
 
0.26 
 
-0.04 
 
0.08 
 
Corn 2006 
0.2462 
59 
0.1417 
59 
0.0428 
59 
0.0306 
59 
1 
 
0.80 
 
-0.17 
 
-0.66 
 
0.43 
 
-0.12 
 
Soybean 
2007 
0.5994 
59 
0.3741 
59 
0.0286 
59 
0.0015 
59 
<0.0001 
59 
1 
 
-0.11 
 
-0.60 
 
0.44 
 
-0.17 
 
Wheat 2008 
0.7802 
59 
0.9799 
59 
0.3074 
59 
0.9203 
59 
0.2078 
59 
0.4173 
59 
1 
 
0.11 
 
-0.12 
 
0.25 
 
ECa 
0.5600 
59 
0.6153 
59 
0.3275 
59 
0.0470 
59 
<0.0001 
59 
<0.0001 
59 
0.3972 
59 
1 
 
-0.31 
 
0.15 
 
Elevation 
0.6474 
59 
0.6942 
59 
0.9017 
59 
0.7919 
59 
0.0006 
59 
0.0004 
59 
0.3509 
59 
0.0162 
59 
1 
 
-0.38 
 
Slope 
0.6722 
59 
0.3581 
59 
0.6024 
59 
0.5349 
59 
0.3843 
59 
0.1853 
59 
0.0607 
59 
0.2661 
59 
0.0031 
59 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are found 
below the diagonal. 
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Table 3.20. Correlation of tip strength in 2006, crop yield, electrical conductivity and elevation data collected for the Cedar East field.† 
Variable TS TS TS TS Corn Soybean Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 2007 2008 Ms m-1 m % 
TS 23-46 1  
0.56 
 
0.10 
 
0.02 
 
-0.26 
 
-0.17 
 
0.18 
 
0.05 
 
-0.12 
 
0.18 
 
TS 46-69 
<0.0001 
83 
1 
 
0.51 
 
0.24 
 
-0.16 
 
-0.17 
 
0.04 
 
0.02 
 
0.02 
 
-0.03 
 
TS 69-91 
0.3835 
83 
<0.0001 
83 
1 
 
0.51 
 
-0.17 
 
-0.15 
 
0.02 
 
-0.13 
 
0.01 
 
-0.12 
 
TS 91-114 
0.8645 
82 
0.0288 
82 
<0.0001 
82 
1 
 
-0.17 
 
-0.21 
 
-0.02 
 
-0.17 
 
0.04 
 
-0.01 
 
Corn 2006 
0.0178 
83 
0.1594 
83 
0.1245 
83 
0.1204 
82 
1 
 
0.89 
 
-0.03 
 
-0.10 
 
-0.04 
 
-0.17 
 
Soybean 
2007 
0.1177 
83 
0.1286 
83 
0.1904 
83 
0.0570 
82 
<0.0001 
83 
1 
 
0.04 
 
-0.13 
 
-0.07 
 
-0.11 
 
Wheat 2008 
0.1016 
83 
0.7404 
83 
0.8728 
83 
0.8888 
82 
0.7754 
83 
0.7267 
83 
1 
 
0.13 
 
-0.40 
 
0.39 
 
ECa 
0.6826 
79 
0.8870 
79 
0.2399 
79 
0.1403 
78 
0.3738 
79 
0.2474 
79 
0.2715 
79 
1 
 
-0.29 
 
0.24 
 
Elevation 
0.2899 
79 
0.8672 
79 
0.9261 
79 
0.7326 
78 
0.7575 
79 
0.5394 
79 
0.0002 
79 
0.0099 
79 
1 
 
-0.41 
 
Slope 
0.0959 
83 
0.7700 
83 
0.2835 
83 
0.9536 
82 
0.1331 
83 
0.3056 
83 
0.0002 
83 
0.0333 
79 
0.0002 
79 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are found 
below the diagonal. 
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Table 3.21. Correlation of tip strength in 2008, crop yield, electrical conductivity and elevation data collected for the Cedar East field.† 
Variable TS TS TS TS Corn Soybean Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 2007 2008 Ms m-1 m % 
TS 23-46 1  
0.35 
 
-0.03 
 
-0.15 
 
0.17 
 
0.21 
 
0.22 
 
-0.20 
 
-0.19 
 
0.17 
 
TS 46-69 
0.0021 
75 
1 
 
0.27 
 
-0.04 
 
-0.03 
 
-0.01 
 
-0.18 
 
-0.17 
 
0.06 
 
-0.11 
 
TS 69-91 
0.7941 
75 
0.0210 
75 
1 
 
0.55 
 
-0.03 
 
-0.06 
 
-0.03 
 
-0.19 
 
-0.07 
 
-0.05 
 
TS 91-114 
0.1905 
75 
0.7186 
75 
<0.0001 
75 
1 
 
-0.14 
 
-0.25 
 
-0.10 
 
0.09 
 
0.02 
 
-0.13 
 
Corn 2006 
0.1376 
75 
0.8290 
75 
0.7778 
75 
0.2241 
75 
1 
 
0.87 
 
0.03 
 
-0.38 
 
0.08 
 
-0.10 
 
Soybean 
2007 
0.0681 
75 
0.9841 
75 
0.5992 
75 
0.0285 
75 
<0.0001 
75 
1 
 
0.12 
 
-0.41 
 
0.09 
 
-0.12 
 
Wheat 2008 
0.0554 
75 
0.1199 
75 
0.7817 
75 
0.3932 
75 
0.8303 
75 
0.2917 
75 
1 
 
-0.05 
 
-0.26 
 
0.56 
 
ECa 
0.0940 
69 
0.1727 
69 
0.1159 
69 
0.4842 
69 
0.0014 
69 
0.0004 
69 
0.6996 
69 
1 
 
-0.24 
 
0.16 
 
Elevation 
0.1212 
69 
0.6237 
69 
0.5490 
69 
0.8922 
69 
0.5069 
69 
0.4426 
69 
0.0335 
69 
0.0457 
69 
1 
 
-0.41 
 
Slope 
0.1565 
75 
0.3367 
75 
0.6854 
75 
0.2645 
75 
0.3720 
75 
0.3030 
75 
<0.0001 
75 
0.1920 
69 
0.0005 
69 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are found 
below the diagonal. 
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Table 3.22. Correlation of tip strength in 2011, crop yield, electrical conductivity and elevation data collected for the Cedar East field.† 
Variable TS TS TS TS Corn Soybean Wheat ECa Elevation Slope 
 23-46 46-69 69-91 91-114 2006 2007 2008 Ms m-1 m % 
TS 23-46 1  
0.70 
 
0.19 
 
-0.01 
 
-0.23 
 
-0.20 
 
-0.24 
 
-0.24 
 
-0.27 
 
0.07 
 
TS 46-69 
<0.0001 
59 
1 
 
0.48 
 
0.20 
 
-0.16 
 
-0.18 
 
-0.13 
 
-0.15 
 
-0.19 
 
0.03 
 
TS 69-91 
0.1472 
59 
0.0001 
59 
1 
 
0.62 
 
-0.16 
 
-0.22 
 
0.08 
 
-0.10 
 
-0.09 
 
0.15 
 
TS 91-114 
0.9635 
59 
0.1302 
59 
<0.0001 
59 
1 
 
-0.34 
 
-0.38 
 
0.17 
 
0.18 
 
-0.12 
 
0.19 
 
Corn 2006 
0.0859 
59 
0.2311 
59 
0.2182 
59 
0.0092 
59 
1 
 
0.74 
 
-0.12 
 
-0.34 
 
0.05 
 
-0.10 
 
Soybean 
2007 
0.1293 
59 
0.1715 
59 
0.0897 
59 
0.0033 
59 
<0.0001 
59 
1 
 
0.09 
 
-0.24 
 
0.01 
 
-0.07 
 
Wheat 2008 
0.0708 
59 
0.3329 
59 
0.5549 
59 
0.2006 
59 
0.3762 
59 
0.4830 
59 
1 
 
0.22 
 
-0.35 
 
0.47 
 
ECa 
0.0921 
52 
0.2862 
52 
0.4908 
52 
0.1938 
52 
0.0124 
52 
0.0830 
52 
0.1169 
52 
1 
 
-0.18 
 
0.21 
 
Elevation 
0.0523 
52 
0.1782 
52 
0.5137 
52 
0.4162 
52 
0.7006 
52 
0.9214 
52 
0.0117 
52 
0.2141 
52 
1 
 
-0.28 
 
Slope 
0.6008 
59 
0.8268 
59 
0.2690 
59 
0.1532 
59 
0.4449 
59 
0.6179 
59 
0.0002 
59 
0.1380 
52 
0.0409 
52 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding P-values and number of observations are found 
below the diagonal. 
 Table 3.23. Correlation of tip strength, crop yield, electrical conductivity and elevation 
data collected for the Lewis Undisturbed field.† 
Variable TS TS TS TS Soybean Corn 
 23-46 46-69 69-91 91-114 2005 2006 
0.62 
 
0.60 
 
0.61 
 
1 
 
0.41 
 
0.19 
 TS 23-46 
<0.0001 0.51 
 
1 
 
0.34 
 
0.23 
 
0.11 
 TS 46-69 50 
<0.0001 0.0002 0.55 
 
1 
 
0.33 
 
0.25 
 TS 69-91 50 50 
0.0033 0.0157 <0.0001 1 
 
0.14 
 
0.12 
 TS 91-114 50 50 50 
<0.0001 0.1160 0.0204 0.3151 1 
 
Soybean 
2005 
0.26 
 50 50 50 50 
0.1751 0.4482 0.0791 0.3921 0.0683 1 
 Corn 2006 50 50 50 50 50 
† Pearson correlation coefficients (r) are found above the diagonal while corresponding 
P-values and number of observations are found below the diagonal. 
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Table 3.24. Correlation of tip strength in 2006, crop yield, electrical conductivity and elevation data collected for the Lewis West field.† 
Variable TS TS TS TS Soy Corn Soy Corn Soy ECa Elev Slope 
 23-46 46-69 69-91 91-114 2005 2006 2007 2008 2009 Ms m-1 m % 
TS  
23-46 
1 
 
0.60 
 
0.18 
 
0.08 
 
-0.33 
 
-0.36 
 
-0.20 
 
-0.03 
 
0.30 
 
-0.13 
 
0.14 
 
-0.07 
 
TS  
46-69 
<0.0001 
69 
1 
 
0.46 
 
0.24 
 
-0.44 
 
-0.43 
 
-0.46 
 
-0.21 
 
0.16 
 
-0.25 
 
0.17 
 
-0.24 
 
TS  
69-91 
0.1359 
69 
<0.0001 
69 
1 
 
0.73 
 
-0.42 
 
-0.34 
 
-0.53 
 
-0.20 
 
0.10 
 
-0.34 
 
0.32 
 
-0.31 
 
TS  
91-114 
0.5334 
69 
0.0505 
69 
<0.0001 
69 
1 
 
-0.37 
 
-0.22 
 
-0.45 
 
-0.23 
 
0.04 
 
-0.28 
 
0.26 
 
-0.10 
 
Soy 
2005 
0.0062 
69 
0.0002 
69 
0.0003 
69 
0.0019 
69 
1 
 
0.73 
 
0.78 
 
0.59 
 
0.32 
 
0.31 
 
-0.31 
 
0.42 
 
Corn 
2006 
0.0026 
69 
0.0002 
69 
0.0046 
69 
0.0733 
69 
<0.0001 
69 
1 
 
0.78 
 
0.66 
 
0.31 
 
0.04 
 
-0.15 
 
0.50 
 
Soy 
2007 
0.0999 
69 
<0.0001 
69 
<0.0001 
69 
0.0001 
69 
<0.0001 
69 
<0.0001 
69 
1 
 
0.78 
 
0.31 
 
0.27 
 
-0.26 
 
0.39 
 
Corn 
2008 
0.7778 
69 
0.0763 
69 
0.1059 
69 
0.0625 
69 
<0.0001 
69 
<0.0001 
69 
<0.0001 
69 
1 
 
0.46 
 
0.01 
 
-0.01 
 
0.23 
 
Soy 
2009 
0.0110 
69 
0.1953 
69 
0.3955 
69 
0.7187 
69 
0.0075 
69 
0.0091 
69 
0.0097 
69 
<0.0001 
69 
1 
 
-0.02 
 
-0.09 
 
0.29 
 
ECa 
0.3438 
52 
0.0731 
52 
0.0124 
52 
0.0468 
52 
0.0231 
52 
0.7742 
52 
0.0539 
52 
0.9618 
52 
0.9092 
52 
1 
 
-0.44 
 
0.23 
 
Elev 
0.3052 
52 
0.2253 
52 
0.0193 
52 
0.0617 
52 
0.0232 
52 
0.2759 
52 
0.0642 
52 
0.9714 
52 
0.5352 
52 
0.0010 
52 
1 
 
-0.34 
 
Slope 
0.5686 
67 
0.0538 
67 
0.0120 
67 
0.4398 
67 
0.0004 
67 
<0.0001 
67 
0.0013 
67 
0.0563 
67 
0.0155 
67 
0.1137 
50 
0.0156 
50 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.25. Correlation of tip strength in 2007, crop yield, electrical conductivity and elevation data collected for the Lewis West field.† 
Variable TS TS TS TS Soy Corn Soy Corn Soy ECa Elev Slope 
 23-46 46-69 69-91 91-114 2005 2006 2007 2008 2009 Ms m-1 m % 
TS 
23-46 
1 
 
0.43 
 
0.13 
 
0.18 
 
-0.47 
 
-0.44 
 
-0.43 
 
-0.30 
 
0.34 
 
-0.19 
 
0.12 
 
-0.24 
 
TS 
46-69 
0.0004 
62 
1 
 
0.76 
 
0.47 
 
-0.44 
 
-0.24 
 
-0.53 
 
-0.41 
 
-0.01 
 
-0.29 
 
0.21 
 
-0.14 
 
TS 
69-91 
0.2988 
62 
<0.0001 
62 
1 
 
0.63 
 
-0.21 
 
0.03 
 
-0.33 
 
-0.28 
 
-0.16 
 
-0.24 
 
0.19 
 
-0.05 
 
TS 
91-114 
0.1682 
62 
0.0001 
62 
<0.0001 
62 
1 
 
-0.16 
 
0.05 
 
-0.26 
 
-0.24 
 
0.07 
 
-0.27 
 
0.24 
 
-0.08 
 
Soy 
2005 
0.0001 
62 
0.0004 
62 
0.0967 
62 
0.2048 
62 
1 
 
0.69 
 
0.79 
 
0.60 
 
-0.04 
 
0.37 
 
-0.31 
 
0.47 
 
Corn 
2006 
0.0003 
62 
0.0634 
62 
0.8254 
62 
0.7198 
62 
<0.0001 
62 
1 
 
0.70 
 
0.64 
 
-0.11 
 
0.05 
 
-0.16 
 
0.54 
 
Soy 
2007 
0.0005 
61 
<0.0001 
61 
0.0094 
61 
0.0412 
61 
<0.0001 
61 
<0.0001 
61 
1 
 
0.82 
 
0.10 
 
0.38 
 
-0.31 
 
0.35 
 
Corn 
2008 
0.0172 
62 
0.0008 
62 
0.0277 
62 
0.0581 
62 
<0.0001 
62 
<0.0001 
62 
<0.0001 
61 
1 
 
0.03 
 
0.16 
 
-0.32 
 
0.21 
 
Soy 
2009 
0.0074 
62 
0.9184 
62 
0.2214 
62 
0.5898 
62 
0.7382 
62 
0.3935 
62 
0.4594 
61 
0.7978 
62 
1 
 
0.01 
 
-0.09 
 
0.01 
 
ECa 
0.2104 
47 
0.0461 
47 
0.1090 
47 
0.0656 
47 
0.0102 
47 
0.7334 
47 
0.0100 
46 
0.2922 
47 
0.9374 
47 
1 
 
-0.51 
 
0.15 
 
Elev 
0.4353 
47 
0.1521 
47 
0.2011 
47 
0.1055 
47 
0.0333 
47 
0.2757 
47 
0.0338 
46 
0.0298 
47 
0.5641 
47 
0.0002 
47 
1 
 
-0.25 
 
Slope 
0.0647 
61 
0.2699 
61 
0.6852 
61 
0.5292 
61 
0.0001 
61 
<0.0001 
61 
0.0064 
60 
0.1007 
61 
0.9947 
61 
0.3234 
46 
0.0885 
46 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.26. Correlation of tip strength in 2005, crop yield, electrical conductivity and elevation data collected for the Lewis East field.† 
Variable TS TS TS TS Soy Corn Soy Corn Soy ECa Elev Slope 
 23-46 46-69 69-91 91-114 2005 2006 2007 2008 2009 Ms m-1 m % 
TS 
23-46 
1 
 
0.73 
 
0.68 
 
0.39 
 
-0.43 
 
-0.37 
 
-0.46 
 
-0.19 
 
0.05 
 
-0.24 
 
0.01 
 
-0.23 
 
TS 
46-69 
<0.0001 
55 
1 
 
0.73 
 
0.34 
 
-0.45 
 
-0.34 
 
-0.40 
 
-0.20 
 
0.10 
 
-0.25 
 
0.06 
 
-0.13 
 
TS 
69-91 
<0.0001 
55 
<0.0001 
55 
1 
 
0.55 
 
-0.49 
 
-0.56 
 
-0.50 
 
-0.32 
 
0.22 
 
-0.19 
 
0.07 
 
-0.14 
 
TS 
91-114 
0.0031 
55 
0.0110 
55 
<0.0001 
55 
1 
 
-0.46 
 
-0.47 
 
-0.49 
 
-0.42 
 
0.05 
 
0.22 
 
0.14 
 
0.08 
 
Soy 
2005 
0.0014 
54 
0.0006 
54 
0.0002 
54 
0.0005 
54 
1 
 
0.47 
 
0.84 
 
0.32 
 
-0.14 
 
-0.06 
 
-0.36 
 
-0.05 
 
Corn 
2006 
0.0061 
55 
0.0117 
55 
<0.0001 
55 
0.0003 
55 
0.0004 
54 
1 
 
0.50 
 
0.45 
 
-0.22 
 
-0.36 
 
0.01 
 
0.05 
 
Soy 
2007 
0.0005 
54 
0.0029 
54 
0.0001 
54 
0.0002 
54 
<0.0001 
54 
0.0001 
54 
1 
 
0.42 
 
-0.16 
 
-0.01 
 
-0.35 
 
0.01 
 
Corn 
2008 
0.1622 
55 
0.1367 
55 
0.0155 
55 
0.0016 
55 
0.0182 
54 
0.0007 
55 
0.0017 
54 
1 
 
0.17 
 
-0.38 
 
0.10 
 
0.10 
 
Soy 
2009 
0.7195 
55 
0.4504 
55 
0.1126 
55 
0.7138 
55 
0.3045 
54 
0.1082 
55 
0.2573 
54 
0.2037 
55 
1 
 
0.04 
 
0.29 
 
0.23 
 
ECa 
0.1162 
43 
0.1106 
43 
0.2250 
43 
0.1474 
43 
0.6890 
42 
0.0177 
43 
0.9325 
42 
0.0125 
43 
0.8148 
43 
1 
 
-0.03 
 
0.38 
 
Elev 
0.9776 
43 
0.7237 
43 
0.6397 
43 
0.3751 
43 
0.0189 
42 
0.9347 
43 
0.0222 
42 
0.5329 
43 
0.0627 
43 
0.8587 
43 
1 
 
0.40 
 
Slope 
0.0900 
54 
0.3442 
54 
0.3117 
54 
0.5810 
54 
0.7135 
53 
0.7172 
54 
0.9916 
53 
0.4879 
54 
0.0950 
54 
0.0119 
42 
0.0095 
42 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.27. Correlation of tip strength in 2006, crop yield, electrical conductivity and elevation data collected for the Lewis East field.† 
Variable TS TS TS TS Soy Corn Soy Corn Soy ECa Elev Slope 
 23-46 46-69 69-91 91-114 2005 2006 2007 2008 2009 Ms m-1 m % 
TS 
23-46 
1 
 
0.51 
 
0.32 
 
0.31 
 
-0.27 
 
-0.20 
 
-0.37 
 
0.13 
 
0.10 
 
-0.54 
 
-0.02 
 
-0.04 
 
TS 
46-69 
<0.0001 
59 
1 
 
0.57 
 
0.40 
 
-0.42 
 
-0.42 
 
-0.47 
 
-0.09 
 
0.10 
 
-0.49 
 
0.02 
 
-0.18 
 
TS 
69-91 
0.0131 
59 
<0.0001 
59 
1 
 
0.36 
 
-0.41 
 
-0.32 
 
-0.45 
 
-0.23 
 
0.04 
 
-0.21 
 
-0.02 
 
-0.18 
 
TS 
91-114 
0.0157 
59 
0.0018 
59 
0.0049 
59 
1 
 
-0.34 
 
-0.30 
 
-0.39 
 
-0.26 
 
0.21 
 
-0.19 
 
0.09 
 
-0.16 
 
Soy 
2005 
0.0389 
59 
0.0010 
59 
0.0014 
59 
0.0087 
59 
1 
 
0.63 
 
0.80 
 
0.31 
 
-0.34 
 
0.28 
 
-0.28 
 
0.15 
 
Corn 
2006 
0.1223 
59 
0.0008 
59 
0.0124 
59 
0.0192 
59 
<0.0001 
59 
1 
 
0.60 
 
0.47 
 
-0.16 
 
0.10 
 
-0.17 
 
0.08 
 
Soy 
2007 
0.0038 
59 
0.0002 
59 
0.0004 
59 
0.0020 
59 
<0.0001 
59 
<0.0001 
59 
1 
 
0.46 
 
-0.30 
 
0.27 
 
-0.24 
 
0.17 
 
Corn 
2008 
0.3264 
59 
0.5075 
59 
0.0785 
59 
0.0436 
59 
0.0167 
59 
0.0002 
59 
0.0002 
59 
1 
 
0.12 
 
-0.24 
 
-0.19 
 
0.12 
 
Soy 
2009 
0.4631 
59 
0.4410 
59 
0.7834 
59 
0.1032 
59 
0.0082 
59 
0.2292 
59 
0.0223 
59 
0.3833 
59 
1 
 
-0.08 
 
0.32 
 
0.03 
 
ECa 
<0.0001 
54 
0.0002 
54 
0.1316 
54 
0.1672 
54 
0.0403 
54 
0.4678 
54 
0.0492 
54 
0.0872 
54 
0.5619 
54 
1 
 
-0.09 
 
0.26 
 
Elev 
0.8603 
54 
0.9110 
54 
0.9051 
54 
0.5368 
54 
0.0400 
54 
0.2095 
54 
0.0834 
54 
0.1680 
54 
0.0183 
54 
0.5139 
54 
1 
 
0.33 
 
Slope 
0.7651 
59 
0.1761 
59 
0.1830 
59 
0.2200 
59 
0.2647 
59 
0.5595 
59 
0.2100 
59 
0.3737 
59 
0.7961 
59 
0.0545 
54 
0.0159 
54 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.28. Correlation of tip strength in 2007, crop yield, electrical conductivity and elevation data collected for the Lewis East field.† 
Variable TS TS TS TS Soy Corn Soy Corn Soy ECa Elev Slope 
 23-46 46-69 69-91 91-114 2005 2006 2007 2008 2009 Ms m-1 m % 
TS 
23-46 
1 
 
0.70 
 
0.42 
 
0.22 
 
-0.39 
 
-0.34 
 
-0.46 
 
-0.11 
 
0.15 
 
-0.11 
 
0.08 
 
-0.11 
 
TS 
46-69 
<0.0001 
87 
1 
 
0.66 
 
0.32 
 
-0.44 
 
-0.38 
 
-0.52 
 
-0.21 
 
0.08 
 
-0.24 
 
0.14 
 
-0.20 
 
TS 
69-91 
<0.0001 
87 
<0.0001 
87 
1 
 
0.67 
 
-0.28 
 
-0.35 
 
-0.38 
 
-0.26 
 
0.02 
 
-0.03 
 
0.17 
 
-0.17 
 
TS 
91-114 
0.0402 
87 
0.0022 
87 
<0.0001 
87 
1 
 
-0.24 
 
-0.24 
 
-0.29 
 
-0.34 
 
0.10 
 
-0.02 
 
0.15 
 
-0.22 
 
Soy 
2005 
0.0002 
82 
<0.0001 
82 
0.0115 
82 
0.0325 
82 
1 
 
0.51 
 
0.81 
 
0.34 
 
-0.21 
 
0.05 
 
-0.31 
 
0.02 
 
Corn 
2006 
0.0014 
86 
0.0003 
86 
0.0008 
86 
0.0241 
86 
<0.0001 
82 
1 
 
0.47 
 
0.32 
 
-0.15 
 
-0.15 
 
-0.02 
 
0.16 
 
Soy 
2007 
<0.0001 
82 
<0.0001 
82 
0.0004 
82 
0.0081 
82 
<0.0001 
82 
<0.0001 
82 
1 
 
0.39 
 
-0.23 
 
0.02 
 
-0.24 
 
0.08 
 
Corn 
2008 
0.3093 
86 
0.0575 
86 
0.0172 
86 
0.0014 
86 
0.0019 
82 
0.0027 
86 
0.0003 
82 
1 
 
0.05 
 
-0.26 
 
-0.10 
 
-0.06 
 
Soy 
2009 
0.1784 
87 
0.4766 
87 
0.8235 
87 
0.3486 
87 
0.0537 
82 
0.1742 
86 
0.0368 
82 
0.6617 
86 
1 
 
0.06 
 
0.31 
 
0.10 
 
ECa 
0.3866 
69 
0.0480 
69 
0.7833 
69 
0.8428 
69 
0.7053 
64 
0.2208 
68 
0.8588 
64 
0.0290 
68 
0.6214 
69 
1 
 
-0.11 
 
0.36 
 
Elev 
0.4962 
69 
0.2613 
69 
0.1697 
69 
0.2313 
69 
0.0135 
64 
0.8511 
68 
0.0565 
64 
0.4005 
68 
0.0101 
69 
0.3708 
69 
1 
 
0.42 
 
Slope 
0.2950 
85 
0.0656 
85 
0.1236 
85 
0.0432 
85 
0.8823 
81 
0.1417 
84 
0.4640 
81 
0.5691 
84 
0.3856 
85 
0.0028 
67 
0.0004 
67 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.29. Correlation of TS, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the 
Cannelburg Mine site.† 
Variable TS TS TS TS Corn 05 Corn 05 Soy 06 Soy 06 Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.74 
 
0.41 
 
0.36 
 
0.05 
 
0.04 
 
-0.13 
 
-0.17 
 
0.14 
 
0.14 
 
TS 
46-69 
<0.0001 
92 
1 
 
0.50 
 
0.24 
 
-0.03 
 
-0.07 
 
-0.11 
 
-0.20 
 
0.14 
 
0.13 
 
TS 
69-91 
<0.0001 
92 
<0.0001 
92 
1 
 
0.66 
 
-0.04 
 
-0.06 
 
-0.05 
 
-0.09 
 
0.05 
 
0.04 
 
TS 
91-114 
0.0005 
92 
0.0188 
92 
<0.0001 
92 
1 
 
0.17 
 
0.14 
 
0.11 
 
0.10 
 
0.01 
 
-0.02 
 
Corn 05 
5 m 
0.6455 
91 
0.7676 
91 
0.7316 
91 
0.1081 
91 
1 
 
0.90 
 
0.20 
 
0.22 
 
-0.16 
 
-0.14 
 
Corn 05 
10 m 
0.6749 
92 
0.5083 
92 
0.5392 
92 
0.1867 
92 
<0.0001 
91 
1 
 
0.20 
 
0.22 
 
-0.18 
 
-0.16 
 
Soy 06 
5 m 
0.2801 
66 
0.3938 
66 
0.6824 
66 
0.3881 
66 
0.1020 
66 
0.0992 
66 
1 
 
0.92 
 
-0.04 
 
-0.05 
 
Soy 06 
10 m 
0.1387 
78 
0.0773 
78 
0.4448 
78 
0.4016 
78 
0.0510 
78 
0.0507 
78 
<0.0001 
66 
1 
 
-0.15 
 
-0.16 
 
Elev 
5 m 
0.1910 
91 
0.1705 
91 
0.6397 
91 
0.9785 
91 
0.1202 
90 
0.0855 
91 
0.7784 
65 
0.2001 
77 
1 
 
0.99 
 
Elev 
10 m 
0.1726 
92 
0.2210 
92 
0.6864 
92 
0.8212 
92 
0.1766 
91 
0.1227 
92 
0.6861 
66 
0.1512 
78 
<0.0001 
91 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are 
found below the diagonal. 
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Table 3.30. Correlation of TS, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the 
Wildcat Hills Mine site.† 
Variable TS TS TS TS Wheat 
06  
Wheat 
06 
ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.70 
 
0.38 
 
0.07 
 
0.26 
 
0.24 
 
-0.18 
 
-0.15 
 
0.13 
 
0.16 
 
TS 
46-69 
<0.0001 
62 
1 
 
0.55 
 
0.03 
 
0.20 
 
0.25 
 
-0.12 
 
-0.13 
 
0.16 
 
0.20 
 
TS 
69-91 
0.0022 
62 
<0.0001 
62 
1 
 
0.44 
 
-0.01 
 
0.06 
 
-0.13 
 
-0.15 
 
0.11 
 
0.17 
 
TS 
91-114 
0.5942 
62 
0.8370 
62 
0.0004 
62 
1 
 
-0.09 
 
0.14 
 
0.14 
 
0.13 
 
0.07 
 
0.14 
 
Wheat 06  
5 m 
0.0559 
55 
0.1395 
55 
0.9485 
55 
0.5090 
55 
1 
 
0.88 
 
-0.16 
 
-0.15 
 
0.26 
 
0.13 
 
Wheat 06  
10 m 
0.0587 
61 
0.0555 
61 
0.6589 
61 
0.2963 
61 
<0.0001 
55 
1 
 
-0.16 
 
-0.10 
 
0.40 
 
0.27 
 
ECa  
5 m 
0.2613 
43 
0.4493 
43 
0.4006 
43 
0.3817 
43 
0.3340 
38 
0.3210 
43 
1 
 
0.96 
 
-0.71 
 
-0.69 
 
ECa  
10 m 
0.2401 
60 
0.3281 
60 
0.2392 
60 
0.3361 
60 
0.2800 
54 
0.4606 
60 
<0.0001 
43 
1 
 
-0.70 
 
-0.59 
 
Elev 
5 m 
0.3902 
43 
0.3165 
43 
0.4699 
43 
0.6395 
43 
0.1205 
38 
0.0076 
43 
<0.0001 
43 
<0.0001 
43 
1 
 
0.99 
 
Elev 
10 m 
0.2162 
60 
0.1200 
60 
0.1962 
60 
0.2750 
60 
0.3373 
54 
0.0392 
60 
<0.0001 
43 
<0.0001 
60 
<0.0001 
43 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are 
found below the diagonal. 
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Table 3.31. Correlation of TS in 2006, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Cedar West field.† 
Variable TS TS TS TS Corn 06 Corn 06 Soy 07 Soy 07 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.47 
 
0.19 
 
-0.20 
 
-0.43 
 
-0.36 
 
-0.28 
 
-0.30 
 
0.42 
 
0.36 
 
-0.35 
 
-0.29 
 
TS 
46-69 
0.0007 
48 
1 
 
0.49 
 
-0.07 
 
-0.62 
 
-0.54 
 
-0.47 
 
-0.45 
 
0.24 
 
0.38 
 
-0.19 
 
-0.35 
 
TS 
69-91 
0.1977 
48 
0.0004 
48 
1 
 
0.53 
 
-0.37 
 
-0.30 
 
-0.38 
 
-0.32 
 
0.27 
 
0.15 
 
-0.21 
 
-0.17 
 
TS 
91-114 
0.1872 
47 
0.6403 
47 
0.0001 
47 
1 
 
0.04 
 
0.05 
 
-0.18 
 
-0.17 
 
-0.01 
 
-0.14 
 
0.12 
 
0.20 
 
Corn 06 
5 m 
0.0034 
45 
<0.0001 
45 
0.0134 
45 
0.7874 
44 
1 
 
0.96 
 
0.79 
 
0.86 
 
-0.56 
 
-0.63 
 
0.52 
 
0.52 
 
Corn 06 
10 m 
0.0126 
48 
<0.0001 
48 
0.0391 
48 
0.7327 
47 
<0.0001 
45 
1 
 
0.77 
 
0.88 
 
-0.64 
 
-0.68 
 
0.49 
 
0.49 
 
Soy 07 
5 m 
0.1097 
35 
0.0046 
35 
0.0228 
35 
0.3013 
34 
<0.0001 
32 
<0.0001 
35 
1 
 
0.91 
 
-0.41 
 
-0.51 
 
0.66 
 
0.62 
 
Soy 07 
10 m 
0.0837 
35 
0.0071 
35 
0.0572 
35 
0.3335 
34 
<0.0001 
32 
<0.0001 
35 
<0.0001 
35 
1 
 
-0.51 
 
-0.62 
 
0.69 
 
0.64 
 
ECa 
5 m 
0.0219 
30 
0.2081 
30 
0.1479 
30 
0.9970 
29 
0.0018 
28 
0.0001 
30 
0.0452 
24 
0.0108 
24 
1 
 
0.95 
 
-0.55 
 
-0.50 
 
ECa 
10 m 
0.0137 
47 
0.0083 
47 
0.3002 
47 
0.3597 
46 
<0.0001 
44 
<0.0001 
47 
0.0020 
35 
<0.0001 
35 
<0.0001 
30 
1 
 
-0.56 
 
-0.60 
 
Elev 
5 m 
0.0550 
30 
0.3068 
30 
0.2614 
30 
0.5344 
29 
0.0046 
28 
0.0055 
30 
0.0005 
24 
0.0002 
24 
0.0015 
30 
0.0012 
30 
1 
 
0.98 
 
Elev 
10 m 
0.0455 
47 
0.0157 
47 
0.2633 
47 
0.1795 
46 
0.0003 
44 
0.0005 
47 
<0.0001 
35 
<0.0001 
35 
0.0054 
30 
<0.0001 
47 
<0.0001 
30 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.32. Correlation of TS in 2008, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Cedar West field.† 
Variable TS TS TS TS Corn 06 Corn 06 Soy 07 Soy 07 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.53 
 
0.22 
 
-0.15 
 
-0.17 
 
-0.15 
 
0.02 
 
0.07 
 
0.04 
 
-0.08 
 
-0.13 
 
-0.06 
 
TS 
46-69 
<0.0001 
59 
1 
 
0.61 
 
0.18 
 
-0.20 
 
-0.19 
 
-0.13 
 
-0.12 
 
-0.02 
 
-0.07 
 
0.01 
 
-0.05 
 
TS 
69-91 
0.0933 
59 
<0.0001 
59 
1 
 
0.50 
 
-0.21 
 
-0.26 
 
-0.32 
 
-0.29 
 
0.10 
 
0.13 
 
-0.02 
 
0.02 
 
TS 
91-114 
0.2435 
59 
0.1769 
59 
<0.0001 
59 
1 
 
-0.15 
 
-0.28 
 
-0.42 
 
-0.40 
 
0.21 
 
0.26 
 
0.02 
 
-0.04 
 
Corn 06 
5 m 
0.2184 
56 
0.1373 
56 
0.1190 
56 
0.2547 
56 
1 
 
0.91 
 
0.74 
 
0.77 
 
-0.65 
 
-0.65 
 
0.52 
 
0.45 
 
Corn 06 
10 m 
0.2462 
59 
0.1417 
59 
0.0428 
59 
0.0306 
59 
<0.0001 
56 
1 
 
0.81 
 
0.80 
 
-0.63 
 
-0.66 
 
0.45 
 
0.43 
 
Soy 07 
5 m 
0.8787 
58 
0.3247 
58 
0.0129 
58 
0.0011 
58 
<0.0001 
55 
<0.0001 
58 
1 
 
0.94 
 
-0.52 
 
-0.55 
 
0.45 
 
0.43 
 
Soy 07 
10 m 
0.5994 
59 
0.3741 
59 
0.0286 
59 
0.0015 
59 
<0.0001 
56 
<0.0001 
59 
<0.0001 
58 
1 
 
-0.58 
 
-0.60 
 
0.46 
 
0.44 
 
ECa 
5 m 
0.7725 
46 
0.9068 
46 
0.5077 
46 
0.1548 
46 
<0.0001 
45 
<0.0001 
46 
0.0003 
45 
<0.0001 
46 
1 
 
0.97 
 
-0.32 
 
-0.31 
 
ECa 
10 m 
0.5600 
59 
0.6153 
59 
0.3275 
59 
0.0470 
59 
<0.0001 
56 
<0.0001 
59 
<0.0001 
58 
<0.0001 
59 
<0.0001 
46 
1 
 
-0.34 
 
-0.31 
 
Elev 
5 m 
0.4032 
46 
0.9435 
46 
0.8957 
46 
0.9003 
46 
0.0003 
45 
0.0015 
46 
0.0018 
45 
0.0013 
46 
0.0279 
46 
0.0217 
46 
1 
 
0.98 
 
Elev 
10 m 
0.6474 
59 
0.6942 
59 
0.9017 
59 
0.7919 
59 
0.0005 
56 
0.0006 
59 
0.0007 
58 
0.0004 
59 
0.0359 
46 
0.0162 
59 
<0.0001 
46 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.33. Correlation of TS in 2006, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Cedar East field.† 
Variable TS TS TS TS Corn 06 Corn 06 Soy 07 Soy 07 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.46 
 
0.02 
 
0.03 
 
-0.12 
 
-0.19 
 
-0.15 
 
-0.15 
 
0.23 
 
0.11 
 
-0.16 
 
-0.09 
 
TS 
46-69 
<0.0001 
81 
1 
 
0.50 
 
0.26 
 
-0.12 
 
-0.10 
 
-0.08 
 
-0.14 
 
0.07 
 
0.03 
 
-0.05 
 
0.08 
 
TS 
69-91 
0.8797 
81 
<0.0001 
81 
1 
 
0.51 
 
-0.08 
 
-0.16 
 
-0.04 
 
-0.14 
 
-0.26 
 
-0.13 
 
0.01 
 
0.04 
 
TS 
91-114 
0.7835 
80 
0.0186 
80 
<0.0001 
80 
1 
 
-0.22 
 
-0.18 
 
-0.16 
 
-0.21 
 
-0.21 
 
-0.17 
 
0.05 
 
0.04 
 
Corn 06 
5 m 
0.2830 
79 
0.3078 
79 
0.4756 
79 
0.0563 
78 
1 
 
0.87 
 
0.74 
 
0.83 
 
0.03 
 
-0.17 
 
0.15 
 
0.03 
 
Corn 06 
10 m 
0.0885 
81 
0.3569 
81 
0.1615 
81 
0.1171 
80 
<0.0001 
79 
1 
 
0.84 
 
0.89 
 
-0.04 
 
-0.11 
 
0.09 
 
-0.04 
 
Soy 07 
5 m 
0.1875 
81 
0.4757 
81 
0.7070 
81 
0.1551 
80 
<0.0001 
79 
<0.0001 
81 
1 
 
0.93 
 
-0.05 
 
-0.12 
 
0.04 
 
-0.10 
 
Soy 07 
10 m 
0.1810 
81 
0.1993 
81 
0.2253 
81 
0.0587 
80 
<0.0001 
79 
<0.0001 
81 
<0.0001 
81 
1 
 
0.01 
 
-0.14 
 
0.03 
 
-0.08 
 
ECa 
5 m 
0.1284 
47 
0.6230 
47 
0.0770 
47 
0.1667 
47 
0.8352 
46 
0.7796 
47 
0.7375 
47 
0.9707 
47 
1 
 
0.97 
 
-0.29 
 
-0.29 
 
ECa 
10 m 
0.3452 
77 
0.7683 
77 
0.2631 
77 
0.1466 
76 
0.1530 
75 
0.3470 
77 
0.2918 
77 
0.2393 
77 
<0.0001 
47 
1 
 
-0.27 
 
-0.31 
 
Elev 
5 m 
0.2954 
47 
0.7555 
47 
0.9718 
47 
0.7469 
47 
0.3149 
46 
0.5345 
47 
0.7872 
47 
0.8288 
47 
0.0475 
47 
0.0685 
47 
1 
 
0.99 
 
Elev 
10 m 
0.4425 
77 
0.4746 
77 
0.7263 
77 
0.7109 
76 
0.7873 
75 
0.7286 
77 
0.3868 
77 
0.4899 
77 
0.0449 
47 
0.0065 
77 
<0.0001 
47 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.34. Correlation of TS in 2008, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Cedar East field.† 
Variable TS TS TS TS Corn 06 Corn 06 Soy 07 Soy 07 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.35 
 
-0.03 
 
-0.15 
 
0.15 
 
0.17 
 
0.18 
 
0.21 
 
-0.39 
 
-0.20 
 
-0.12 
 
-0.19 
 
TS 
46-69 
0.0021 
75 
1 
 
0.27 
 
-0.04 
 
-0.07 
 
-0.03 
 
-0.07 
 
-0.01 
 
-0.26 
 
-0.17 
 
-0.21 
 
0.06 
 
TS 
69-91 
0.7941 
75 
0.0210 
75 
1 
 
0.55 
 
-0.08 
 
-0.03 
 
-0.11 
 
-0.06 
 
-0.19 
 
-0.19 
 
-0.24 
 
-0.07 
 
TS 
91-114 
0.1905 
75 
0.7186 
75 
<0.0001 
75 
1 
 
-0.14 
 
-0.14 
 
-0.25 
 
-0.25 
 
0.31 
 
0.09 
 
-0.01 
 
0.02 
 
Corn 06 
5 m 
0.2123 
74 
0.5272 
74 
0.4918 
74 
0.2507 
74 
1 
 
0.89 
 
0.70 
 
0.74 
 
-0.26 
 
-0.27 
 
-0.01 
 
0.14 
 
Corn 06 
10 m 
0.1376 
75 
0.8290 
75 
0.7778 
75 
0.2241 
75 
<0.0001 
74 
1 
 
0.80 
 
0.87 
 
-0.40 
 
-0.38 
 
-0.11 
 
0.08 
 
Soy 07 
5 m 
0.1272 
75 
0.5342 
75 
0.3640 
75 
0.0281 
75 
<0.0001 
74 
<0.0001 
75 
1 
 
0.91 
 
-0.41 
 
-0.36 
 
-0.17 
 
0.11 
 
Soy 07 
10 m 
0.0681 
75 
0.9841 
75 
0.5992 
75 
0.0285 
75 
<0.0001 
74 
<0.0001 
75 
<0.0001 
75 
1 
 
-0.49 
 
-0.41 
 
-0.21 
 
0.09 
 
ECa 
5 m 
0.0116 
42 
0.0948 
42 
0.2221 
42 
0.0465 
42 
0.1056 
41 
0.0080 
42 
0.0072 
42 
0.0009 
42 
1 
 
0.96 
 
0.04 
 
0.03 
 
ECa 
10 m 
0.0940 
69 
0.1727 
69 
0.1159 
69 
0.4842 
69 
0.0259 
68 
0.0014 
69 
0.0026 
69 
0.0004 
69 
<0.0001 
42 
1 
 
0.07 
 
-0.24 
 
Elev 
5 m 
0.4592 
42 
0.1791 
42 
0.1181 
42 
0.9938 
42 
0.9887 
41 
0.5012 
42 
0.2848 
42 
0.1724 
42 
0.8122 
42 
0.6535 
42 
1 
 
0.99 
 
Elev 
10 m 
0.1212 
69 
0.6237 
69 
0.5490 
69 
0.8922 
69 
0.2472 
68 
0.5069 
69 
0.3817 
69 
0.4426 
69 
0.8608 
42 
0.0457 
69 
<0.0001 
42 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.35. Correlation of TS in 2011, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Cedar East field.† 
Variable TS TS TS TS Corn 06 Corn 06 Soy 07 Soy 07 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.70 
 
0.19 
 
-0.01 
 
-0.23 
 
-0.23 
 
-0.21 
 
-0.20 
 
-0.09 
 
-0.24 
 
-0.41 
 
-0.27 
 
TS 
46-69 
<0.0001 
59 
1 
 
0.48 
 
0.20 
 
-0.13 
 
-0.16 
 
-0.26 
 
-0.18 
 
-0.25 
 
-0.15 
 
-0.25 
 
-0.19 
 
TS 
69-91 
0.1472 
59 
0.0001 
59 
1 
 
0.62 
 
-0.19 
 
-0.16 
 
-0.36 
 
-0.22 
 
-0.33 
 
-0.10 
 
0.01 
 
-0.09 
 
TS 
91-114 
0.9635 
59 
0.1302 
59 
<0.0001 
59 
1 
 
-0.22 
 
-0.34 
 
-0.41 
 
-0.38 
 
0.07 
 
0.18 
 
-0.04 
 
-0.12 
 
Corn 06 
5 m 
0.0801 
58 
0.3200 
58 
0.1485 
58 
0.1001 
58 
1 
 
0.80 
 
0.46 
 
0.55 
 
-0.24 
 
-0.12 
 
0.02 
 
0.02 
 
Corn 06 
10 m 
0.0859 
59 
0.2311 
59 
0.2182 
59 
0.0092 
59 
<0.0001 
58 
1 
 
0.62 
 
0.74 
 
-0.42 
 
-0.34 
 
0.01 
 
0.05 
 
Soy 07 
5 m 
0.1154 
59 
0.0431 
59 
0.0049 
59 
0.0013 
59 
0.0003 
58 
<0.0001 
59 
1 
 
0.91 
 
-0.24 
 
-0.13 
 
-0.16 
 
0.02 
 
Soy 07 
10 m 
0.1293 
59 
0.1715 
59 
0.0897 
59 
0.0033 
59 
<0.0001 
58 
<0.0001 
59 
<0.0001 
59 
1 
 
-0.37 
 
-0.24 
 
-0.11 
 
0.01 
 
ECa 
5 m 
0.6048 
35 
0.1541 
35 
0.0497 
35 
0.6995 
35 
0.1786 
34 
0.0119 
35 
0.1706 
35 
0.0296 
35 
1 
 
0.96 
 
-0.06 
 
-0.06 
 
ECa 
10 m 
0.0921 
52 
0.2862 
52 
0.4908 
52 
0.1938 
52 
0.3924 
51 
0.0124 
52 
0.3719 
52 
0.0830 
52 
<0.0001 
35 
1 
 
-0.13 
 
-0.18 
 
Elev 
5 m 
0.0136 
35 
0.1529 
35 
0.9323 
35 
0.8141 
35 
0.9124 
34 
0.9941 
35 
0.3719 
35 
0.5444 
35 
0.7319 
35 
0.4608 
35 
1 
 
0.99 
 
Elev 
10 m 
0.0523 
52 
0.1782 
52 
0.5137 
52 
0.4162 
52 
0.9091 
51 
0.7006 
52 
0.8741 
52 
0.9214 
52 
0.7454 
35 
0.2141 
52 
<0.0001 
35 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.36. Correlation of TS, crop yield, ECa, and elevation data at 5 and 10 m spatial scales 
collected for the Lewis Undisturbed field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.62 
 
0.60 
 
0.41 
 
0.47 
 
0.61 
 
0.11 
 
0.19 
 
TS 
46-69 
<0.0001 
50 
1 
 
0.51 
 
0.34 
 
0.10 
 
0.23 
 
0.10 
 
0.11 
 
TS 
69-91 
<0.0001 
50 
0.0002 
50 
1 
 
0.55 
 
0.29 
 
0.33 
 
0.24 
 
0.25 
 
TS 
91-114 
0.0033 
50 
0.0157 
50 
<0.0001 
50 
1 
 
0.13 
 
0.14 
 
0.10 
 
0.12 
 
Soy 05 
5 m 
0.0005 
50 
0.5054 
50 
0.0403 
50 
0.3532 
50 
1 
 
0.86 
 
0.39 
 
0.29 
 
Soy 05 
10 m 
<0.0001 
50 
0.1160 
50 
0.0204 
50 
0.3151 
50 
<0.0001 
50 
1 
 
0.24 
 
0.26 
 
Corn 06 
5 m 
0.4597 
48 
0.4935 
48 
0.0961 
48 
0.4850 
48 
0.0064 
48 
0.0966 
48 
1 
 
0.86 
 
Corn 06 
10 m 
0.1751 
50 
0.4482 
50 
0.0791 
50 
0.3921 
50 
0.0381 
50 
0.0683 
50 
<0.0001 
48 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number 
of observations are found below the diagonal. 
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Table 3.37. Correlation of TS in 2006, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Lewis West field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.60 
 
0.18 
 
0.08 
 
-0.22 
 
-0.33 
 
-0.38 
 
-0.36 
 
-0.08 
 
-0.13 
 
-0.01 
 
0.08 
 
TS 
46-69 
<0.0001 
69 
1 
 
0.46 
 
0.24 
 
-0.37 
 
-0.44 
 
-0.45 
 
-0.43 
 
-0.27 
 
-0.25 
 
0.08 
 
0.14 
 
TS 
69-91 
0.1359 
69 
<0.0001 
69 
1 
 
0.73 
 
-0.32 
 
-0.42 
 
-0.34 
 
-0.34 
 
-0.34 
 
-0.34 
 
0.42 
 
0.36 
 
TS 
91-114 
0.5334 
69 
0.0505 
69 
<0.0001 
69 
1 
 
-0.29 
 
-0.37 
 
-0.16 
 
-0.22 
 
-0.24 
 
-0.28 
 
0.48 
 
0.45 
 
Soy 05 
5 m 
0.0727 
66 
0.0019 
66 
0.0080 
66 
0.0188 
66 
1 
 
0.86 
 
0.56 
 
0.61 
 
0.10 
 
0.06 
 
-0.53 
 
-0.51 
 
Soy 05 
10 m 
0.0062 
69 
0.0002 
69 
0.0003 
69 
0.0019 
69 
<0.0001 
66 
1 
 
0.63 
 
0.73 
 
0.39 
 
0.31 
 
-0.64 
 
-0.60 
 
Corn 06 
5 m 
0.0013 
67 
0.0001 
67 
0.0043 
67 
0.1976 
67 
<0.0001 
64 
<0.0001 
67 
1 
 
0.93 
 
-0.05 
 
-0.05 
 
-0.17 
 
-0.16 
 
Corn 06 
10 m 
0.0026 
69 
0.0002 
69 
0.0046 
69 
0.0733 
69 
<0.0001 
66 
<0.0001 
69 
<0.0001 
67 
1 
 
0.03 
 
0.04 
 
-0.40 
 
-0.36 
 
ECa 
5 m 
0.6288 
40 
0.0888 
40 
0.0342 
40 
0.1427 
40 
0.5374 
38 
0.0132 
40 
0.7386 
40 
0.8503 
40 
1 
 
0.98 
 
-0.47 
 
-0.47 
 
ECa 
10 m 
0.3438 
52 
0.0731 
52 
0.0124 
52 
0.0468 
52 
0.6758 
49 
0.0231 
52 
0.7156 
51 
0.7742 
52 
<0.0001 
40 
1 
 
-0.44 
 
-0.47 
 
Elev 
5 m 
0.9623 
39 
0.6168 
39 
0.0082 
39 
0.0020 
39 
0.0007 
37 
<0.0001 
39 
0.2959 
39 
0.0108 
39 
0.0023 
39 
0.0053 
39 
1 
 
0.99 
 
Elev 
10 m 
0.5814 
51 
0.3388 
51 
0.0088 
51 
0.0010 
51 
0.0002 
48 
<0.0001 
51 
0.2596 
50 
0.0098 
51 
0.0025 
39 
0.0005 
51 
<0.0001 
39 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.38. Correlation of TS in 2007, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Lewis West field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.43 
 
0.13 
 
0.18 
 
-0.36 
 
-0.47 
 
-0.40 
 
-0.44 
 
-0.20 
 
-0.19 
 
0.36 
 
0.17 
 
TS 
46-69 
0.0004 
62 
1 
 
0.76 
 
0.47 
 
-0.29 
 
-0.44 
 
-0.18 
 
-0.24 
 
-0.25 
 
-0.29 
 
0.44 
 
0.40 
 
TS 
69-91 
0.2988 
62 
<0.0001 
62 
1 
 
0.63 
 
-0.05 
 
-0.21 
 
0.01 
 
0.03 
 
-0.17 
 
-0.24 
 
0.37 
 
0.36 
 
TS 
91-114 
0.1682 
62 
0.0001 
62 
<0.0001 
62 
1 
 
-0.04 
 
-0.16 
 
-0.01 
 
0.05 
 
-0.14 
 
-0.27 
 
0.21 
 
0.23 
 
Soy 05 
5 m 
0.0044 
60 
0.0258 
60 
0.6799 
60 
0.7797 
60 
1 
 
0.88 
 
0.68 
 
0.71 
 
0.37 
 
0.32 
 
-0.58 
 
-0.48 
 
Soy 05 
10 m 
0.0001 
62 
0.0004 
62 
0.0967 
62 
0.2048 
62 
<0.0001 
60 
1 
 
0.73 
 
0.69 
 
0.33 
 
0.37 
 
-0.71 
 
-0.69 
 
Corn 06 
5 m 
0.0014 
60 
0.1754 
60 
0.9144 
60 
0.9947 
60 
<0.0001 
59 
<0.0001 
60 
1 
 
0.96 
 
0.07 
 
0.11 
 
-0.21 
 
-0.36 
 
Corn 06 
10 m 
0.0003 
62 
0.0634 
62 
0.8254 
62 
0.7198 
62 
<0.0001 
60 
<0.0001 
62 
<0.0001 
60 
1 
 
-0.01 
 
0.05 
 
-0.16 
 
-0.30 
 
ECa 
5 m 
0.3189 
26 
0.2134 
26 
0.3945 
26 
0.4914 
26 
0.0726 
25 
0.1036 
26 
0.7500 
25 
0.9649 
26 
1 
 
0.98 
 
-0.54 
 
-0.53 
 
ECa 
10 m 
0.3104 
47 
0.0461 
47 
0.1090 
47 
0.0656 
47 
0.0323 
45 
0.0102 
47 
0.4708 
45 
0.7334 
47 
<0.0001 
26 
1 
 
-0.54 
 
-0.52 
 
Elev 
5 m 
0.0716 
26 
0.0256 
26 
0.0604 
26 
0.2933 
26 
0.0026 
25 
<0.0001 
26 
0.3022 
25 
0.4482 
26 
0.0047 
26 
0.0040 
26 
1 
 
0.99 
 
Elev 
10 m 
0.2635 
46 
0.0063 
46 
0.0148 
46 
0.1283 
46 
0.0009 
45 
<0.0001 
46 
0.0160 
44 
0.0394 
46 
0.0049 
26 
0.0002 
46 
<0.0001 
26 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.39. Correlation of TS in 2005, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Lewis East field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.70 
 
0.65 
 
0.35 
 
-0.28 
 
-0.40 
 
-0.35 
 
-0.30 
 
-0.18 
 
-0.18 
 
-0.16 
 
0.01 
 
TS 
46-69 
<0.0001 
54 
1 
 
0.72 
 
0.27 
 
-0.39 
 
-0.45 
 
-0.24 
 
-0.22 
 
-0.17 
 
-0.14 
 
0.47 
 
0.09 
 
TS 
69-91 
<0.0001 
54 
<0.0001 
54 
1 
 
0.53 
 
-0.29 
 
-0.47 
 
-0.51 
 
-0.52 
 
-0.34 
 
-0.13 
 
0.14 
 
0.09 
 
TS 
91-114 
0.0095 
54 
0.0452 
54 
<0.0001 
54 
1 
 
-0.19 
 
-0.44 
 
-0.42 
 
-0.44 
 
0.11 
 
0.29 
 
0.18 
 
0.15 
 
Soy 05 
5 m 
0.0438 
53 
0.0043 
53 
0.0321 
53 
0.1682 
53 
1 
 
0.75 
 
0.16 
 
0.16 
 
0.02 
 
-0.08 
 
-0.32 
 
-0.39 
 
Soy 05 
10 m 
0.0031 
53 
0.0007 
53 
0.0004 
53 
0.0009 
53 
<0.0001 
53 
1 
 
0.40 
 
0.44 
 
-0.01 
 
-0.11 
 
-0.39 
 
-0.37 
 
Corn 06 
5 m 
0.0112 
53 
0.0869 
53 
0.0001 
53 
0.0018 
53 
0.2402 
53 
0.0030 
53 
1 
 
0.87 
 
-0.11 
 
-0.39 
 
0.39 
 
-0.02 
 
Corn 06 
10 m 
0.0274 
54 
0.1170 
54 
<0.0001 
54 
0.0010 
54 
0.2445 
53 
0.0009 
53 
<0.0001 
53 
1 
 
-0.19 
 
-0.46 
 
0.20 
 
0.01 
 
ECa 
5 m 
0.4964 
16 
0.5380 
16 
0.2020 
16 
0.6984 
16 
0.9439 
15 
0.9903 
15 
0.6923 
15 
0.4702 
16 
1 
 
0.98 
 
-0.16 
 
-0.17 
 
ECa 
10 m 
0.2482 
42 
0.3702 
42 
0.4115 
42 
0.0673 
42 
0.6266 
41 
0.5007 
41 
0.0121 
41 
0.0023 
42 
<0.0001 
16 
1 
 
-0.22 
 
-0.04 
 
Elev 
5 m 
0.5609 
16 
0.0654 
16 
0.6053 
16 
0.5027 
16 
0.2439 
15 
0.1485 
15 
0.1561 
15 
0.4530 
16 
0.5421 
16 
0.4140 
16 
1 
 
0.99 
 
Elev 
10 m 
0.9267 
42 
0.5675 
42 
0.5889 
42 
0.3505 
42 
0.0111 
44 
0.0170 
41 
0.8829 
41 
0.9753 
42 
0.5195 
16 
0.8249 
42 
<0.0001 
16 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.40. Correlation of TS in 2006, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Lewis East field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.51 
 
0.32 
 
0.31 
 
-0.28 
 
-0.27 
 
-0.15 
 
-0.20 
 
-0.56 
 
-0.54 
 
0.08 
 
-0.01 
 
TS 
46-69 
<0.0001 
59 
1 
 
0.57 
 
0.40 
 
-0.42 
 
-0.42 
 
-0.36 
 
-0.42 
 
-0.56 
 
-0.49 
 
0.16 
 
0.05 
 
TS 
69-91 
0.0131 
59 
<0.0001 
59 
1 
 
0.36 
 
-0.39 
 
-0.41 
 
-0.25 
 
-0.32 
 
-0.17 
 
-0.21 
 
0.09 
 
0.04 
 
TS 
91-114 
0.0157 
59 
0.0018 
59 
0.0049 
59 
1 
 
-0.29 
 
-0.34 
 
-0.32 
 
-0.30 
 
-0.01 
 
-0.19 
 
-0.03 
 
0.08 
 
Soy 05 
5 m 
0.0364 
55 
0.0014 
55 
0.0034 
55 
0.0300 
55 
1 
 
0.89 
 
0.52 
 
0.61 
 
0.27 
 
0.22 
 
-0.13 
 
-0.15 
 
Soy 05 
10 m 
0.0389 
59 
0.0010 
59 
0.0014 
59 
0.0087 
59 
<0.0001 
55 
1 
 
0.49 
 
0.63 
 
0.34 
 
0.28 
 
-0.29 
 
-0.27 
 
Corn 06 
5 m 
0.2590 
59 
0.0054 
59 
0.0527 
59 
0.0142 
59 
<0.0001 
55 
<0.0001 
59 
1 
 
0.86 
 
0.12 
 
-0.01 
 
-0.12 
 
-0.09 
 
Corn 06 
10 m 
0.1223 
59 
0.0008 
59 
0.0124 
59 
0.0192 
59 
<0.0001 
55 
<0.0001 
59 
<0.0001 
59 
1 
 
0.08 
 
0.10 
 
-0.11 
 
-0.13 
 
ECa 
5 m 
0.0039 
25 
0.0035 
25 
0.4041 
25 
0.9997 
25 
0.2253 
22 
0.1016 
25 
0.5590 
25 
0.6931 
25 
1 
 
0.99 
 
-0.07 
 
-0.05 
 
ECa 
10 m 
<0.0001 
54 
0.0002 
54 
0.1316 
54 
0.1672 
54 
0.1248 
50 
0.0403 
54 
0.9952 
54 
0.4678 
54 
<0.0001 
25 
1 
 
-0.09 
 
-0.10 
 
Elev 
5 m 
0.7136 
24 
0.4668 
24 
0.6914 
24 
0.8755 
24 
0.5770 
22 
0.1665 
24 
0.5819 
24 
0.6151 
24 
0.7517 
24 
0.6600 
24 
1 
 
0.99 
 
Elev 
10 m 
0.9532 
52 
0.7116 
52 
0.7743 
52 
0.5527 
52 
0.2914 
49 
0.0498 
52 
0.5229 
52 
0.3733 
52 
0.8260 
24 
0.4903 
52 
<0.0001 
24 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
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Table 3.41. Correlation of TS in 2007, crop yield, ECa, and elevation data at 5 and 10 m spatial scales collected for the Lewis East field.† 
Variable TS TS TS TS Soy 05 Soy 05 Corn 06 Corn 06 ECa ECa Elev Elev 
 23-46 46-69 69-91 91-114 5 m 10 m 5 m 10 m 5 m 10 m 5 m 10 m 
TS 
23-46 
1 
 
0.70 
 
0.42 
 
0.22 
 
-0.39 
 
-0.39 
 
-0.30 
 
-0.34 
 
-0.31 
 
-0.11 
 
-0.02 
 
0.08 
 
TS 
46-69 
<0.0001 
87 
1 
 
0.66 
 
0.32 
 
-0.45 
 
-0.44 
 
-0.35 
 
-0.38 
 
-0.38 
 
-0.24 
 
0.13 
 
0.14 
 
TS 
69-91 
<0.0001 
87 
<0.0001 
87 
1 
 
0.67 
 
-0.30 
 
-0.28 
 
-0.22 
 
-0.35 
 
-0.13 
 
-0.03 
 
0.16 
 
0.17 
 
TS 
91-114 
0.0402 
87 
0.0022 
87 
<0.0001 
87 
1 
 
-0.18 
 
-0.24 
 
-0.06 
 
-0.24 
 
-0.17 
 
-0.02 
 
0.17 
 
0.15 
 
Soy 05 
5 m 
0.0005 
76 
<0.0001 
76 
0.0095 
76 
0.1137 
76 
1 
 
0.80 
 
0.42 
 
0.42 
 
-0.20 
 
-0.06 
 
-0.43 
 
-0.39 
 
Soy 05 
10 m 
0.0002 
82 
<0.0001 
82 
0.0115 
82 
0.0325 
82 
<0.0001 
76 
1 
 
0.53 
 
0.51 
 
0.09 
 
0.05 
 
-0.30 
 
-0.31 
 
Corn 06 
5 m 
0.0065 
81 
0.0013 
81 
0.0478 
81 
0.6025 
81 
0.0001 
76 
<0.0001 
81 
1 
 
0.87 
 
-0.20 
 
-0.18 
 
0.11 
 
0.03 
 
Corn 06 
10 m 
0.0014 
86 
0.0003 
86 
0.0008 
86 
0.0241 
86 
0.0002 
76 
<0.0001 
82 
<0.0001 
81 
1 
 
-0.13 
 
-0.15 
 
-0.03 
 
-0.02 
 
ECa 
5 m 
0.0489 
41 
0.0129 
41 
0.4058 
41 
0.3025 
41 
0.2710 
33 
0.5870 
36 
0.2399 
36 
0.4212 
40 
1 
 
0.98 
 
-0.11 
 
-0.10 
 
ECa 
10 m 
0.3866 
69 
0.0480 
69 
0.7833 
69 
0.8428 
69 
0.6666 
58 
0.7053 
64 
0.1498 
63 
0.2208 
68 
<0.0001 
41 
1 
 
-0.12 
 
-0.11 
 
Elev 
5 m 
0.9249 
41 
0.4215 
41 
0.3090 
41 
0.2955 
41 
0.0121 
33 
0.0732 
36 
0.5141 
36 
0.8312 
40 
0.4909 
41 
0.4566 
41 
1 
 
0.99 
 
Elev 
10 m 
0.4962 
69 
0.2613 
69 
0.1697 
69 
0.2313 
69 
0.0025 
58 
0.0135 
64 
0.8178 
63 
0.8511 
68 
0.5255 
41 
0.3708 
69 
<0.0001 
41 
1 
 
† Pearson correlation coefficients (r) are found above the diagonal while P-values and number of observations are found below the 
diagonal. 
 Table 3.42. Geostatistical modeling of ECa, elevation, and crop yield for 
the Cedar West field. 
Term ECa Elevation Corn 06 Soy 07 Wheat 08 
Intercept 99.786 194.887 16.203 16.708 - 
East -0.111 -0.011 0.298 - - 
East*East 0.001 0.001 -0.001 - - 
North -0.118 0.031 0.648 0.089 - 
North*North 0.001 -0.001 -0.002 -0.001 - 
Model R2 0.40 0.66 0.26 0.12 - 
Angle 0°† 
Structure Sph Sph Sph Sph Sph 
Nugget 11.168 0.19 254.12 20.155 137.98 
Sill 32.172 0.323 305.15 0.001 45.897 
Range (m) 107.58 165.56 167.85 117.27 179.39 
Structure Sph Sph Sph Sph Sph 
Sill 0.001 0.001 149.19 35.899 32.443 
Range (m) 74.551 63.141 60.365 56.95 26.097 
Angle 90° 
Structure Sph Sph Sph Sph Sph 
Nugget 4.136 0.144 266.17 12.751 131.86 
Sill 29.93 0.445 192.27 32.966 0.001 
Range (m) 98.242 129.71 94.708 103.76 120.74 
Structure Sph Sph Sph Sph Sph 
Sill 11.999 0.001 188.51 14.234 63.659 
Range (m) 41.306 62.461 94.708 23.316 40.927 
† A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. 
 
 
408 
 Table 3.43. Geostatistical modeling of ECa, elevation, and crop yield for 
the Cedar East field. 
Term ECa Elevation Corn 06 Soy 07 Wheat 08 
Intercept - 197.205 - - 66.406 
East - 0.015 - - 0.012 
East*East - -0.001 - - 0.001 
North - 0.009 - - -0.203 
North*North - -0.001 - - 0.001 
Model R2 - 0.66 - - 0.16 
Angle 0°† 
Structure Gau Sph Sph Sph Sph 
Nugget 7.184 0 202.9 11.257 30.153 
Sill 0.001 0.523 377.17 0.001 40.535 
Range (m) 126.82 169.2 701.22 80.901 40.745 
Structure Gau Sph Sph Sph Sph 
Sill 28.049 0.001 251.34 40.002 87.267 
Range (m) 25.789 50.769 55.364 51.208 16.345 
Angle 90° 
Structure Gau Sph Sph Sph Sph 
Nugget 13.08 0 271.11 11.358 95.998 
Sill 113.01 0.583 104.85 24.017 0.001 
Range (m) 454.9 131.31 178.59 89.899 53.093 
Structure Gau Sph Sph Sph Sph 
Sill 18.176 0.001 158.24 19.021 56.256 
Range (m) 17.084 50.268 54.133 30.164 28.734 
† A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. 
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 Table 3.44. Geostatistical modeling of ECa, elevation, and crop yield for the Lewis West field. 
Term ECa Elevation Soy 05 Corn 06 Soy 07 Corn 08 Soy 09 
Intercept 75.282 171.322 41.349 100.453 45.031 - - 
East -0.137 0.014 0.065 0.339 0.036 - - 
East*East 0.001 -0.001 -0.001 -0.001 -0.001 - - 
North 0.003 0.007 0.002 0.003 -0.059 - - 
North*North 0.001 -0.001 0.001 0.001 0.001 - - 
Model R2 0.45 0.66 0.20 0.16 0.27 - - 
Angle 0°† 
Structure Sph Sph Sph Sph Sph Gau Sph 
Nugget 0.426 0 15.942 74.793 16.959 606.49 9.026 
Sill 3.212 0.001 8.89 180.65 44.267 341.23 20.77 
Range (m) 81.763 74.819 106.55 130.35 117.03 122.85 48.384 
Structure Sph Sph Sph Sph Sph Sph Sph 
Sill 4.187 0.822 23.032 199.83 28.919 565.84 55.425 
Range (m) 28.789 29.192 7.748 25.226 25.285 24.372 16.109 
Angle 90° 
Structure Sph Sph Sph Sph Sph Gau Sph 
Nugget 3.896 1.172 37.916 228.49 29.94 781.76 53.096 
Sill 4.518 0.001 12.281 659028 39.811 339.67 11142 
Range (m) 88.632 75.133 99.604 755022 86.224 53.149 59173 
Structure Sph Sph Sph Sph Sph Sph Sph 
Sill 0.001 0.001 0.001 86.851 17.937 275.2 26.5738 
Range (m) 37.167 37.175 21.452 75.562 58.412 16.248 14.7408 
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field 
direction. 
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 Table 3.45. Geostatistical modeling of ECa, elevation, and crop yield for the Lewis East field. 
Term ECa Elevation Soy 05 Corn 06 Soy 07 Corn 08 Soy 09 
Intercept 67.238 169.59 55.578 - 44.32 - - 
East 0.007 0.007 -0.028 - -0.031 - - 
East*East -0.001 0.001 0.001 - 0.001 - - 
North -0.004 0.01 0.003 - -0.01 - - 
North*North 0.001 -0.001 0.001 - 0.001 - - 
Model R2 0.18 0.82 0.20 - 0.28 - - 
Angle 0°† 
Structure Sph Sph Sph Sph Gau Sph Sph 
Nugget 0.84 0 25.547 88.147 14.796 395.3 0 
Sill 6.191 1057.79 11.206 64.723 17.967 110.55 10.53 
Range (m) 155.7 1550314 70.427 141.85 30.804 58.54 58.188 
Structure Sph Sph Sph Sph Sph Sph Sph 
Sill 8.404 0.2403 22.732 188.95 28.555 527.83 16.558 
Range (m) 42.858 73.654 10.756 21.506 15.192 13.632 12.03 
Angle 90° 
Structure Sph Sph Sph Sph Gau Sph Sph 
Nugget 1.527 0 0.005 212.45 2.281 610.12 13.733 
Sill 8.191 1.777 9.877 62.985 13.653 303.38 3.734 
Range (m) 121.04 2399.97 48.347 74.88 53.035 13.55 48.355 
Structure Sph Sph Sph Sph Sph Sph Sph 
Sill 4.815 0.267 48.102 40.845 44.269 56.763 8.823 
Range (m) 30.864 28.575 9.91 16.328 15.122 0.001 23.427 
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field 
direction. 
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Table 3.46. Geostatistical modeling of TS and Force for the Cedar West field. 
 CPT 06 CPT 08 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0°† 
Structure Sph Sph Sph Sph Sph Gau Sph Sph 
Nugget 0 0.729 1.574 1.057 0.032 0.06 0 0 
Sill 0.738 1.12 0 0.001 0.001 0.001 0.001 0.03 
Range 163.34 99.598 89.818 89.633 88.611 111.52 111.45 107.83 
Structure Sph Sph Sph Sph - - Sph Sph 
Sill 0.357 0.001 0.001 0.001 - - 0.075 0.23 
Range 55.413 44.91 44.91 44.806 - - 54.529 55.736 
Angle 90° 
Structure Sph Sph Sph Sph Sph Gau Sph Sph 
Nugget 0.389 0.637 0.82 0.33 0.029 0.063 0.076 0.303 
Sill 0.121 0.8 0.83 0.148 0.004 0.001 0.001 0.001 
Range 87.232 87.238 132.99 87.279 90.038 112.77 112.63 87.297 
Structure Sph Sph Sph Sph - - Sph Sph 
Sill 0.432 0.432 0.001 0.55 - - 0.001 0.001 
Range 43.617 43.616 43.567 43.641 - - 56.304 43.649 
 Force     
 23-46 46-69 69-91 91-114     
Angle 0°     
Structure Sph Sph Sph Sph     
Nugget 1565489 175237 0 6605533     
Sill 860187 2377560 13782795 7828783     
Range 250.29 41.348 35.337 60.336     
Structure - Sph - -     
Sill - 2377560 - -     
Range - 41.347 - -     
Angle 90°     
Structure Sph Sph Sph Sph     
Nugget 766380 0 1968863 1093124     
Sill 922077 2155986 5922055 9338374     
Range 46.32 101.92 46.828 42.161     
Structure - Sph - -     
Sill - 2155986 - -     
Range - 32.712 - -     
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field direction. 
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Table 3.47. Geostatistical modeling of TS and Force for the Cedar East field. 
 CPT 06 CPT 08 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0°† 
Structure Sph Sph Sph Sph Sph Gau Sph Sph 
Nugget 0.052 0.184 0 0 0 0 0 0 
Sill 0.07 0.001 0.001 0.001 0.001 0.147 0.001 0.001 
Range 103.95 132.97 89.07 100.73 98.678 1290.34 79.691 79.696 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Sill 0.001 0.001 0.233 0.447 0.062 0.051 0.391 0.51 
Range 50.067 66.492 44.536 50.367 51.876 55.399 42.403 42.473 
Angle 90° 
Structure Sph Sph Sph Sph Sph Gau Sph Sph 
Nugget 0.044 0.043 0.001 0 0 0 0 0 
Sill 0.018 0.032 0.07 0.001 0.001 3.226 0.001 0.001 
Range 126.32 130.64 89.5 100.01 94.669 2389.13 76.806 79.803 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Sill 0.017 0.123 0.238 0.423 0.065 0.043 0.406 0.501 
Range 42.264 73.141 44.75 58.678 73.174 44.667 59.403 56.723 
 CPT 11 Force 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0° 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Nugget 0.061 0 0.049 0 3054145 2526241 819205 0 
Sill 0.001 0.001 0.357 0.001 1508359 1807410 3129079 5051945 
Range 100.8 85.578 100.79 68.369 46.512 119.62 75.767 75.717 
Structure Sph Sph Sph Sph - Sph Sph Sph 
Sill 0.993 1.781 0.506 0.424 - 1807410 3129079 5051945 
Range 46.536 40.384 40.904 44.656 - 41.232 36.857 29.274 
Angle 90° 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Nugget 0 0 0.455 0 2081193 4676545 1311282 8781742 
Sill 0.231 0.001 0.001 0.347 1655449 266702 3699088 2435357 
Range 179.28 85.002 85.031 64.626 42.647 111.43 62.771 85.3 
Structure Sph Sph Sph Sph - Sph Sph Sph 
Sill 1.189 1.832 0.276 0.001 - 266702 3699088 2435357 
Range 58.717 41.841 38.637 35.11 - 111.39 62.771 85.299 
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field direction. 
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Table 3.48. Geostatistical modeling of TS and Force for the Lewis West field. 
 CPT 06 CPT 07 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0°† 
Structure Sph Sph Sph Sph Sph Sph Gau Sph 
Nugget 0 0 0.053 0.054 0 0.188 0.139 0 
Sill 2.27 0.807 0.133 0.185 3.416 2.711 1.795 0.178 
Range 91.486 75.89 81.643 75.109 78.513 142.16 357.37 123.74 
Structure - Sph Sph Sph Sph Sph Sph Sph 
Sill - 0.001 0.001 0.001 0.001 0.971 1.143 0.529 
Range - 37.758 37.548 37.584 37.622 35.883 46.108 55.174 
Angle 90° 
Structure Sph Sph Sph Sph Sph Sph Gau Sph 
Nugget 0.869 0 0 0 0 1.933 1.142 0.642 
Sill 1.623 0.001 0.001 0.001 3.62 1.161 0.432 0.001 
Range 154.82 74.984 75.05 75.035 65.601 99.779 98.621 87.867 
Structure - Sph Sph Sph Sph Sph Sph Sph 
Sill - 0.662 0.141 0.184 0.001 0.265 0.083 0.07 
Range - 58.234 55.632 53.514 36.275 36.176 43.933 43.933 
 Force     
 23-46 46-69 69-91 91-114     
Angle 0°     
Structure Sph Sph Sph Sph     
Nugget 0 0 4895381 0.001     
Sill 6202371 13950366 5464610 11741060     
Range 70.414 80.47 49.878 50.687     
Structure Sph - - -     
Sill 6202371 - - -     
Range 70.414 - - -     
Angle 90°     
Structure Sph Sph Sph Sph     
Nugget 1307853 0.001 0 0.003     
Sill 4552189 13625520 10699302 10519945     
Range 52.735 41.071 51.941 50.046     
Structure Sph - - -     
Sill 4552189 - - -     
Range 52.736 - - -     
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field direction. 
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Table 3.49. Geostatistical modeling of TS and Force for the Lewis East field. 
 CPT 05 CPT 06 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0°† 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Nugget 1.81 2.618 0.863 0 1.449 0 0.356 0 
Sill 0.001 0.001 0.001 0.338 0.458 1.006 0.001 0.132 
Range 76.149 76.148 76.15 71.572 271.91 86.572 104.83 94.958 
Structure - - - - - Sph - - 
Sill - - - - - 0.001 - - 
Range - - - - - 43.79 - - 
Angle 90° 
Structure Sph Sph Sph Sph Sph Sph Sph Sph 
Nugget 0 0 0 0 0 0 0.33 0.036 
Sill 1.6 2.519 0.705 0.356 1.461 0.001 0.001 0.108 
Range 63.642 75.582 63.929 65.175 83.178 86.606 104.74 101.4 
Structure - - - - - Sph - - 
Sill - - - - - 0.808 - - 
Range - - - - - 55.006 - - 
 CPT 07 Force 
 23-46 46-69 69-91 91-114 23-46 46-69 69-91 91-114 
Angle 0° 
Structure Sph Sph Sph Gau Sph Sph Sph Sph 
Nugget 0 3.936 1.285 0.371 0 0.001 1719395 0 
Sill 2.669 0.925 1.086 0.395 28315558 13417592 4850417 5795544 
Range 88.208 220.65 85.885 57.166 44.453 55.873 67.595 123.81 
Structure - - - Sph - - - - 
Sill - - - 0.114 - - - - 
Range - - - 43.863 - - - - 
Angle 90° 
Structure Sph Sph Sph Gau Sph Sph Sph Sph 
Nugget 1.624 0 0 0 0 0.058 2038801 384809 
Sill 0.673 4.067 2.322 1.297 29296353 11705875 3983750 5171370 
Range 143.3 57.695 66.478 455.31 55.177 54.576 116.98 213.8 
Structure - - - Sph - - - - 
Sill - - - 0.705 - - - - 
Range - - - 39.001 - - - - 
† A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field direction. 
 
 
 Table 3.50. Comparison of three selections methods on classification of observations using 
logistic discrimination for the Cedar West field in 2006. 
5 m Selection  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
- - 30 1 25 1 Fail 88 3 
- - 96.77 3.23 96.15 3.85 Percent Correct 96.70 3.30 
- - 3 1 4 5 Pass 10 4 
- - 75 25 44.44 55.56 Percent Correct 71.43 28.57 
10 m Selection  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
33 0 30 1 21 4 Fail 88 1 
100 0 96.77 3.23 84 16 Percent Correct 98.88 1.12 
1 1 3 1 2 8 Pass 9 7 
50 50 75 25 20 80 Percent Correct 56.25 43.75 
Block Kriging  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
-  32 1 26 1 Fail 92 3 
-  96.97 3.03 96.30 3.70 Percent Correct 96.84 3.16 
-  2 1 4 5 Pass 8 5 
-  66.67 33.33 44.44 55.56 Percent Correct 61.54 38.46 
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 Table 3.51. Comparison of three selections methods on 
classification of observations using regression for the 
Cedar West field in 2006. 
5 m Selection  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.56 0.65 0.23 0.35 
10 m Selection  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.61 0.66 0.24 0.37 
Block Kriging  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.59 0.58 0.26 0.35 
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 Table 3.52. Comparison of three selections methods on classification of observations using 
logistic discrimination for the Cedar West field in 2008. 
5 m Selection  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
55 1 53 1 19 11 Fail 124 16 
98.21 1.79 98.15 1.85 63.33 36.67 Percent Correct 88.57 11.43 
1 2 5 0 13 16 Pass 25 12 
33.33 66.67 100 0 44.83 55.17 Percent Correct 67.57 32.43 
10 m Selection  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
- - 53 1 26 7 Fail 137 8 
- - 98.15 1.85 78.79 21.21 Percent Correct 94.48 5.52 
- - 4 1 13 13 Pass 21 11 
- - 80 20 50 50 Percent Correct 65.63 34.38 
Block Kriging  
Corn 06 Soybean 07 Wheat 08  Combined 
Fail Pass Fail Pass Fail Pass Cluster Fail Pass 
54 1 53 1 19 11 Fail 123 16 
98.18 1.82 98.15 1.85 63.33 36.67 Percent Correct 88.49 11.51 
2 2 5 0 13 16 Pass 26 12 
50 50 100 0 44.83 55.17 Percent Correct 68.42 31.58 
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 Table 3.53. Comparison of three selections methods on 
classification of observations using regression for the 
Cedar West field in 2008. 
5 m Selection  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.55 0.51 0.05 0.25 
10 m Selection  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.58 0.52 0.03 0.23 
Block Kriging  
Corn 06 Soy 07 Wheat 08  Combined 
Model R2 0.56 0.50 0.05 0.24 
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Table 3.54. Comparison of three selections methods on classification of observations using logistic discrimination for the Lewis West field 
in 2006. 
 5 m Selection 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 10 8 18 8 31 4 33 5 57 1 142 33 
Percent Correct 55.56 44.44 69.23 30.77 88.57 11.43 86.84 13.16 98.28 1.72 81.14 18.86 
Pass 4 40 6 30 2 25 8 16 3 1 35 100 
Percent Correct 9.09 90.91 16.67 83.33 7.41 92.59 33.33 66.67 75 25 25.93 74.07 
 10 m Selection 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 13 4 17 9 33 3 32 7 - - 155 24 
Percent Correct 76.47 23.53 65.38 34.62 91.67 8.33 82.05 17.95 - - 86.59 13.41 
Pass 5 40 7 29 1 25 6 17 - - 38 93 
Percent Correct 11.11 88.89 19.44 80.56 3.85 96.15 26.09 73.91 - - 29.01 70.99 
 Block Kriging 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 7 8 18 9 32 3 33 6 59 0 147 28 
Percent Correct 46.67 53.33 66.67 33.33 91.43 8.57 84.62 15.38 100 0 84 16 
Pass 5 42 7 28 3 24 8 15 1 2 32 103 
Percent Correct 10.64 89.36 20 80 11.11 88.89 34.78 65.22 33.33 66.67 23.70 76.30 
 
 Table 3.55. Comparison of three selections methods on classification of 
observations using regression for the Lewis West field in 2006. 
5 m Selection  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.49 0.42 0.63 0.45 0.32 0.32 
10 m Selection  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.58 0.46 0.66 0.50 0.42 0.38 
Block Kriging  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.47 0.39 0.62 0.44 0.30 0.31 
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Table 3.56. Comparison of three selections methods on classification of observations using logistic discrimination for the Lewis West field 
in 2007. 
 5 m Selection 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 4 13 18 10 32 6 32 5 55 2 142 35 
Percent Correct 23.53 76.47 64.29 35.71 84.21 15.79 86.49 13.51 96.49 3.51 80.23 19.77 
Pass 2 43 7 27 7 17 8 17 4 1 43 90 
Percent Correct 4.44 95.56 20.59 79.41 29.17 70.83 32 68 80 20 32.33 67.67 
 10 m Selection 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 11 6 17 9 30 7 33 6 - - 149 31 
Percent Correct 64.71 35.29 65.38 34.62 81.08 18.92 84.62 15.38 - - 82.78 17.22 
Pass 5 40 6 30 5 20 6 17 - - 31 99 
Percent Correct 11.11 88.89 16.67 83.33 20 80 26.09 73.91 - - 23.85 76.15 
 Block Kriging 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 4 12 18 12 35 4 32 5 59 0 146 35 
Percent Correct 25 75 60 40 89.74 10.26 86.49 13.51 100 0 80.66 19.34 
Pass 4 42 9 23 6 17 9 16 1 2 38 91 
Percent Correct 8.70 91.30 28.13 71.88 26.09 73.91 36 64 33.33 66.67 29.46 70.54 
 
 Table 3.57. Comparison of three selections methods on classification of 
observations using regression for the Lewis West field in 2007. 
5 m Selection  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.50 0.42 0.59 0.43 0.44 0.24 
10 m Selection  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.53 0.46 0.58 0.51 0.53 0.31 
Block Kriging  
Soy 05 Corn 06 Soy 07 Corn 08 Soy 09  Combined 
Model R2 0.38 0.39 0.52 0.39 0.44 0.25 
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 Table 3.58. Principal component and factor analyses using soil and water variables on the Cannelburg Mine site. 
  Principal Component Analysis Factor Analysis 
Variable PC1 PC2 PC3 PC4 PC5 PC6 FA1 FA2 FA3 FA4 FA5 
0.78*†TS 23-46 cm 0.14 -0.41* -0.08 -0.03 0.02 0.76* -0.41* 0.07 -0.10 -0.07 
0.46* SS 23-46 cm 0.50* -0.39 -0.03 -0.23 0.42* 0.68* -0.07 -0.05 0.14 -0.40*
-0.50* VM 23-46 cm 0.44* 0.22 0.44* 0.02 0.36 -0.17 0.69* 0.09 0.20 -0.13 
0.72* TS 46-69 cm 0.19 -0.44* 0.15 0.09 -0.27 0.84* -0.19 0.14 -0.15 0.13 
0.48* SS 46-69 cm 0.53* -0.42* 0.30 0.01 -0.12 0.83* 0.17 0.12 0.05 -0.06 
-0.56* VM 46-69 cm 0.32 0.20 0.48* -0.05 0.32 -0.25 0.73* 0.06 0.08 -0.16 
0.78* TS 69-91 cm -0.01 0.37 0.15 0.23 -0.10 0.31 -0.35 0.76* -0.02 0.19 
0.47* SS 69-91 cm 0.17 0.55* 0.45* 0.20 -0.18 0.15 0.11 0.85* 0.01 0.11 
-0.62* VM 69-91 cm 0.34 -0.21 0.48* -0.09 -0.09 -0.03 0.83* -0.24 -0.03 -0.10 
0.73* TS 91-114 cm -0.05 0.53* 0.03 -0.14 0.20 0.11 -0.46* 0.73* -0.04 -0.28 
0.49* SS 91-114 cm 0.08 0.61* 0.41* -0.08 -0.10 0.05 0.00 0.83* -0.09 -0.17 
-0.56* VM 91-114 cm 0.27 -0.29 0.42* 0.22 -0.43* 0.04 0.75* -0.25 0.00 0.29 
-0.64* Depth to Compact -0.32 0.26 -0.12 -0.17 -0.20 -0.65* 0.14 -0.22 -0.03 -0.01 
0.15 Elevation -0.33 -0.32 0.31 0.37 0.35 0.16 -0.02 -0.01 -0.34 0.27 
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-0.09 Slope -0.36 -0.02 -0.15 0.74* 0.19 -0.17 -0.14 -0.07 -0.01 0.62* 
0.16 Plan C. -0.45* -0.15 0.33 -0.26 0.21 0.02 -0.08 0.04 -0.47* -0.03 
-0.05 Profile C. 0.42* 0.13 -0.52* -0.28 0.00 -0.02 -0.11 -0.11 0.46* -0.31 
-0.06 TWI 0.78* 0.24 -0.36 0.07 -0.01 0.12 0.10 0.06 0.87* -0.19 
-0.15 Streampower 0.59* 0.15 -0.39 0.54* 0.10 0.05 0.08 -0.03 0.84* 0.28 
Variation Exp. 0.26 0.40 0.52 0.64 0.71 0.76 0.35 0.53 0.69 0.82 0.90 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
 
 
 Table 3.59. Regression model coefficients using derived PC and FA 
variables for the Cannelburg Mine site.† 
 Corn 05 Soybean 06 
Terms Coefficients Significance Coefficients Significance 
Intercept -0.015 0.8797 0.020 0.8529 
PC1 -0.043 0.6598 -0.137 0.2440 
PC2 -0.229 0.0202 -0.282 0.0093 
PC3 0.115 0.2360 0.221 0.0798 
PC4 -0.106 0.2766 0.173 0.1182 
PC5 -0.403 <0.0001 -0.145 0.1643 
PC6 -0.015 0.8784 -0.164 0.1385 
Variation Exp.‡  0.24  0.22 
Intercept -0.015 0.8812 0.017 0.8783 
FA1 -0.236 0.0220 -0.375 0.0068 
FA2 -0.164 0.1113 0.074 0.5071 
FA3 -0.048 0.6340 0.144 0.2142 
FA4 -0.213 0.0426 -0.306 0.0121 
FA5 -0.338 0.0024 -0.068 0.5531 
Variation Exp.   0.22   0.22 
† Models were constructed using standardized crop yield.  
‡ Denotes model R2 value.    
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 Table 3.60. Regression model coefficients 
using derived PC and FA variables for the 
Cannelburg Mine site.†  
Terms Coefficients Significance
Intercept -0.015 0.8824 
PC1 -0.087 0.2495 
PC2 -0.254 0.0006 
PC3 0.166 0.0328 
PC4 0.025 0.7320 
PC5 -0.275 0.0002 
PC6 -0.086 0.2412 
Year 0.021 0.8876 
Variation Exp.‡  0.18 
Intercept -0.015 0.8830 
FA1 -0.292 0.0004 
FA2 -0.052 0.4904 
FA3 0.038 0.6180 
FA4 -0.255 0.0014 
FA5 -0.206 0.0104 
Year 0.019 0.8972 
Variation Exp.   0.17 
† Models were constructed using 
standardized crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.61. Discriminant analysis using standardized yield data 
for derived PC and FA variables on the Cannelburg Mine site.  
 Cluster Means  
Cluster 1 2   
Corn 2005 0.59 -0.73   
Soybean 2006 0.55 -0.68   
 PCA FA 
Cluster 1 2 1 2 
1 29 20 30 19 
Percent Correct 59.18 40.82 61.22 38.78 
2 10 29 13 26 
Percent Correct 25.64 74.36 33.33 66.67 
Error Rate 0.4082 0.2564 0.3878 0.3333 
Total Error Rate†   0.3323   0.3605 
† Combined error rate across both clusters. 
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Table 3.62. Principal component and factor analyses using soil and water variables on the Wildcat Hills Mine site.  
 Principal Component Analysis Factor Analysis 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 FA1 FA2 FA3 FA4 FA5 
TS 23-46cm 0.68*† -0.22 0.41* -0.19 0.13 0.12 0.30 0.21 0.68* -0.37 -0.04 -0.23 
SS 23-46cm 0.22 -0.37 0.62* 0.30 0.31 -0.17 0.16 -0.10 0.78* 0.25 -0.10 -0.05 
VM 23-46 cm -0.45* 0.12 0.32 0.54* 0.12 -0.41* 0.05 -0.08 0.06 0.73* 0.05 0.15 
TS 46-69cm 0.68* -0.22 0.40* -0.09 0.31 0.19 0.05 0.19 0.78* -0.32 -0.09 -0.04 
SS 46-69cm 0.41* -0.23 0.56* 0.14 0.20 0.40* -0.42* 0.09 0.76* 0.04 -0.06 -0.07 
VM 46-69 cm -0.53* 0.23 0.36 0.36 -0.08 0.11 -0.39 -0.05 -0.07 0.69* 0.24 0.02 
TS 69-91cm 0.75* 0.40* 0.05 -0.12 0.11 -0.23 -0.34 0.71* 0.29 -0.38 -0.05 0.10 
SS 69-91cm 0.68* 0.45* 0.09 -0.04 0.14 -0.21 -0.39 0.72* 0.28 -0.27 -0.03 0.14 
VM 69-91 cm -0.56* 0.18 0.36 0.36 -0.15 0.01 0.08 -0.08 -0.10 0.72* 0.23 -0.06 
TS 91-114cm 0.42* 0.77* 0.06 0.28 -0.25 -0.02 0.15 0.93* -0.12 0.19 -0.08 -0.04 
SS 91-114cm 0.35 0.79* 0.23 0.16 -0.16 -0.12 0.16 0.90* -0.02 0.21 0.14 -0.03 
VM 91-114 cm -0.63* -0.26 0.32 -0.06 0.27 -0.11 -0.05 -0.57* 0.12 0.34 0.37 0.12 
Depth to Compact -0.69* -0.33 -0.09 0.11 -0.06 0.04 -0.26 -0.60* -0.26 0.32 0.06 0.01 
ECa -0.41* 0.45* 0.25 -0.36 0.03 0.25 0.24 0.08 -0.19 0.15 0.63* 0.06 
Elevation 0.56* -0.28 -0.52* 0.46* -0.08 0.04 0.06 0.11 0.01 -0.21 -0.88* 0.02 
Slope -0.46* 0.55* -0.09 -0.07 0.57* 0.15 -0.01 0.04 -0.20 0.19 0.45* 0.77* 
Plan C. 0.01 0.13 -0.19 0.44* 0.60* 0.16 0.33 0.04 0.07 0.13 -0.22 0.48* 
Profile C. 0.00 0.14 0.37 0.15 -0.55* 0.55* 0.06 0.20 0.01 0.26 0.08 -0.37 
TWI 0.25 -0.50* 0.48* -0.01 -0.40* -0.34 0.15 -0.12 0.40* 0.02 -0.08 -0.75* 
Streampower -0.46* 0.25 0.46* -0.53* 0.02 -0.22 0.07 -0.08 -0.03 0.11 0.83* -0.09 
Variation Exp. 0.26 0.41 0.54 0.62 0.70 0.76 0.81 0.32 0.51 0.66 0.75 0.84 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
 Table 3.63. Regression model coefficients 
using derived PC and FA variables for the 
Wildcat Hills Mine site.†  
 Wheat 06 
Terms Coefficients Significance
Intercept -0.028 0.8065 
PC1 0.268 0.0216 
PC2 -0.019 0.8687 
PC3 -0.143 0.2122 
PC4 0.112 0.3282 
PC5 0.185 0.1079 
PC6 0.186 0.1068 
PC7 0.362 0.0023 
Variation Exp.‡  0.31 
Intercept -0.028 0.8251 
FA1 0.091 0.4768 
FA2 0.106 0.4179 
FA3 -0.160 0.2262 
FA4 -0.245 0.0683 
FA5 0.158 0.2374 
Variation Exp.   0.13 
† Models were constructed using 
standardized crop yield. 
‡ Denotes model R2 value.  
429 
 Table 3.64. Discriminant analysis using standardized yield data for 
derived PC and FA variables on the Wildcat Hills Mine site. 
 Cluster Means  
Cluster 1 2   
Wheat 2006 -0.92 0.78   
 PCA FA 
Cluster 1 2 1 2 
1 21 7 13 15 
Percent Correct 75.00 25.00 46.43 53.57 
2 12 20 9 23 
Percent Correct 37.50 62.50 28.13 71.88 
Error Rate 0.2500 0.3750 0.5357 0.2813 
Total Error Rate†   0.3125   0.4085 
† Combined error rate across both clusters. 
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Table 3.65. Principal component analysis using soil and water variables on the Cedar West field in 2006.  
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
TS 23-46cm 0.65*† 0.22 0.00 -0.29 -0.44* -0.03 -0.19 0.28 -0.01 -0.15 
SS 23-46cm 0.86* 0.02 0.12 -0.15 -0.09 -0.02 -0.04 0.12 0.00 -0.07 
VM 23-46 cm 0.23 -0.39 0.26 0.15 0.62* 0.20 0.32 -0.15 -0.12 -0.23 
TS 46-69cm 0.29 0.53* -0.14 -0.09 -0.42* -0.09 0.05 0.12 0.25 -0.17 
SS 46-69cm 0.80* 0.28 -0.13 0.12 -0.27 0.09 -0.09 -0.13 -0.11 -0.08 
VM 46-69 cm 0.49* -0.28 -0.12 0.15 0.00 0.48* -0.03 -0.16 -0.20 -0.09 
TS 69-91cm 0.31 0.76* 0.06 0.08 0.17 0.03 0.01 -0.02 0.03 0.21 
SS 69-91cm 0.62* 0.48* -0.24 0.33 0.13 -0.05 -0.09 -0.10 0.14 0.21 
VM 69-91 cm 0.37 0.31 -0.23 0.51* 0.23 0.28 -0.21 -0.04 0.19 -0.27 
TS 91-114cm 0.05 0.76* 0.25 0.23 -0.03 -0.25 0.00 -0.09 -0.21 0.28 
SS 91-114cm 0.33 0.61* 0.30 0.34 0.15 -0.18 -0.17 0.03 -0.20 0.27 
VM 91-114 cm 0.51* 0.29 0.16 0.07 0.28 0.51* -0.35 -0.01 0.01 -0.02 
Depth to Compact -0.49* -0.19 0.14 0.42* 0.46* 0.02 0.08 -0.31 0.28 0.19 
ECa 0.75* -0.47* 0.19 0.04 0.06 0.14 0.01 0.12 -0.06 0.03 
Elevation -0.52* 0.36 0.45* 0.29 0.13 -0.14 -0.03 0.20 -0.13 -0.34 
Slope 0.21 -0.30 0.01 0.28 -0.60* 0.34 0.17 -0.33 -0.29 0.13 
Plan C. -0.06 0.38 -0.32 0.51* -0.23 0.13 0.03 -0.09 0.24 -0.17 
Profile C. 0.44* 0.18 0.18 -0.57* 0.27 0.15 0.14 0.07 0.04 0.28 
TWI 0.21 0.12 -0.30 -0.53* 0.48* -0.05 -0.39 0.10 0.20 0.03 
Streampower 0.41* -0.32 -0.47* -0.48* 0.01 0.05 -0.16 -0.36 0.00 0.16 
Carbon 23-46 cm -0.36 0.43* -0.58* -0.10 0.07 0.06 0.37 0.00 -0.28 0.05 
Carbon 46-69 cm -0.23 0.34 -0.30 -0.12 0.28 0.35 0.29 0.53* -0.29 -0.05 
Carbon 69-91 cm -0.42* -0.11 -0.05 0.20 -0.20 0.64* 0.00 0.30 -0.04 0.40*
Carbon 91-114 cm -0.57* -0.21 0.00 0.13 -0.23 0.19 -0.06 0.34 0.46* 0.28 
EC 23-46 cm 0.69* -0.45* 0.34 0.22 0.00 -0.13 0.11 0.22 0.07 0.11 
EC 46-69 cm 0.68* -0.36 -0.04 0.38 -0.06 -0.36 0.16 0.17 0.05 0.14 
EC 69-91 cm 0.75* -0.42* -0.19 0.24 0.06 -0.27 0.13 0.16 0.00 0.05 
EC 91-114 cm 0.73* -0.27 -0.28 0.24 0.27 -0.09 0.02 0.27 -0.06 0.02 
Force 23-46 cm 0.43* 0.29 -0.46* -0.13 0.05 -0.07 0.52* -0.26 0.11 0.05 
Force 46-69 cm 0.55* 0.21 0.17 -0.07 -0.02 0.31 0.58* 0.05 0.22 -0.13 
Force 69-91 cm 0.26 0.23 0.66* -0.27 -0.09 0.25 0.20 -0.15 0.36 -0.04 
Force 91-114 cm 0.24 0.15 0.67* -0.29 -0.10 0.02 0.02 -0.11 -0.20 0.06 
Variation Exp. 0.25 0.39 0.48 0.57 0.64 0.70 0.75 0.79 0.83 0.86 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
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Table 3.66. Regression model coefficients using derived PC variables for the Cedar West field in 
2006.†  
 Corn 06 Soybean 07 Wheat 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.010 0.9410 0.382 0.1275 -0.395 0.2417 
PC1 -0.662 <0.0001 -0.686 0.0043 -0.027 0.9224 
PC2 -0.031 0.8109 0.063 0.7767 0.127 0.6791 
PC3 -0.114 0.3867 0.068 0.6521 -0.094 0.6495 
PC4 0.040 0.7577 0.242 0.1327 -0.166 0.4362 
PC5 -0.235 0.0816 0.021 0.9111 -0.305 0.2474 
PC6 -0.314 0.0229 -0.239 0.1827 0.272 0.2638 
PC7 -0.127 0.3373 -0.022 0.9000 0.049 0.8356 
PC8 -0.037 0.7786 0.152 0.4537 -0.173 0.5347 
PC9 -0.019 0.8855 0.258 0.1790 0.116 0.6503 
PC10 0.105 0.4249 -0.210 0.2906 -0.102 0.7016 
Variation Exp.‡   0.61   0.66   0.24 
† Models were constructed using standardized crop yield.    
‡ Denotes model R2 value.      
 Table 3.67. Regression model coefficients 
using derived PC variables for the Cedar 
West field in 2006.† 
Terms Coefficients Significance
Intercept -0.267 0.1782 
PC1 -0.638 0.0011 
PC2 -0.020 0.8683 
PC3 -0.004 0.9644 
PC4 0.156 0.2995 
PC5 -0.026 0.8861 
PC6 -0.118 0.2247 
PC7 -0.020 0.8448 
PC8 -0.142 0.3164 
PC9 0.171 0.1845 
PC10 0.053 0.6476 
Corndummy 0.238 0.3344 
Soydummy 0.479 0.0685 
sprprec x depth 0.002 0.5260 
sumprec x depth -0.002 0.1277 
Variation Exp.‡   0.37 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.68. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Cedar West field in 
2006. 
 Cluster Means 
Cluster 1 2 
Corn 2006 -0.75 0.72 
Soybean 2007 -0.79 0.75 
Wheat 2008 -0.01 0.01 
 PCA 
Cluster 1 2 
1 10 4 
Percent Correct 71.43 28.57 
2 7 14 
Percent Correct 33.33 66.67 
Error Rate 0.2857 0.3333 
Total Error Rate†  0.3095 
† Combined error rate across both 
clusters. 
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 Table 3.69. Principal component analysis using soil and water variables on the Cedar West 
field in 2008. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 
TS 23-46cm -0.21† 0.54* 0.00 0.41* -0.35 -0.24 0.16 
SS 23-46cm 0.06 0.61* 0.07 0.34 -0.17 -0.17 0.33 
TS 46-69cm -0.06 0.77* -0.18 0.01 -0.32 -0.04 -0.02 
SS 46-69cm 0.11 0.75* -0.21 -0.04 -0.28 -0.08 -0.04 
TS 69-91cm 0.12 0.74* -0.33 -0.32 -0.09 0.07 -0.05 
SS 69-91cm 0.23 0.73* -0.31 -0.36 -0.05 0.05 0.03 
TS 91-114cm 0.38 0.41* -0.19 -0.63* 0.33 -0.10 -0.03 
SS 91-114cm 0.39 0.43* -0.17 -0.67* 0.30 -0.06 -0.04 
Depth to Compact -0.40* -0.29 0.13 0.61* -0.15 0.06 0.04 
ECa 0.69* 0.14 0.13 0.07 0.17 0.17 0.13 
Elevation -0.41* -0.10 -0.67* 0.07 0.26 0.20 -0.16 
Slope 0.30 -0.16 0.09 -0.22 -0.18 -0.31 0.70* 
Plan C. -0.15 0.00 -0.42* 0.18 0.01 0.63* 0.27 
Profile C. 0.20 0.02 0.27 -0.05 -0.20 -0.68* -0.01 
TWI 0.13 0.24 0.58* 0.20 -0.01 -0.02 -0.66* 
Streampower 0.36 0.24 0.65* -0.08 -0.17 -0.13 -0.27 
Carbon 23-46 cm -0.55* 0.08 0.26 -0.43* -0.39 0.33 -0.05 
Carbon 46-69 cm -0.59* 0.33 0.52* -0.16 0.10 0.31 0.07 
Carbon 69-91 cm -0.48* 0.34 0.59* -0.08 0.37 0.07 0.24 
Carbon 91-114 cm -0.36 0.10 0.47* 0.01 0.57* -0.08 0.23 
OM 23-46 cm -0.71* 0.02 0.15 -0.41* -0.38 0.20 -0.10 
OM 46-69 cm -0.85* 0.27 0.31 -0.08 0.06 0.00 0.04 
OM 69-91 cm -0.77* 0.39 0.17 0.02 0.29 -0.09 0.04 
OM 91-114 cm -0.61* 0.29 0.10 0.06 0.51* -0.09 0.09 
EC 23-46 cm 0.84* 0.09 0.03 0.25 0.35 0.02 0.12 
EC 46-69 cm 0.87* 0.00 0.18 0.04 0.12 0.29 0.05 
EC 69-91 cm 0.84* 0.01 0.40* 0.00 0.06 0.23 0.00 
EC 91-114 cm 0.66* 0.07 0.53* 0.01 0.03 0.26 -0.04 
Force 23-46 cm 0.24 0.34 0.31 0.15 -0.44* 0.36 0.22 
Force 46-69 cm 0.17 0.68* 0.05 0.36 -0.03 0.17 0.10 
Force 69-91 cm -0.02 0.62* -0.25 0.54* 0.18 -0.06 -0.20 
Force 91-114 cm 0.01 0.50* -0.22 0.44* 0.26 0.00 -0.17 
Variation Exp. 0.2316 0.3964 0.5087 0.6018 0.6738 0.7298 0.7783
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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Table 3.70. Regression model coefficients using derived PC variables for the Cedar West field in 
2008.†  
 Corn 06 Soybean 07 Wheat 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 0.00 0.9999 0.00 0.9999 0.00 0.9999 
PC1 -0.59 <0.0001 -0.63 <0.0001 0.06 0.6769 
PC2 -0.40 <0.0001 -0.27 0.0072 0.02 0.8639 
PC3 -0.15 0.0952 -0.03 0.7536 -0.01 0.9443 
PC4 -0.10 0.2618 0.12 0.2239 -0.08 0.5746 
PC5 0.01 0.8743 0.01 0.8950 -0.07 0.5991 
PC6 -0.12 0.1761 -0.15 0.1301 -0.04 0.7644 
PC7 -0.11 0.2476 -0.14 0.1613 0.10 0.4544 
Variation Exp.‡  0.58  0.52  0.03 
† Models were constructed using standardized crop yield.   
‡ Denotes model R2 value.      
 
 Table 3.71. Regression model coefficients 
using derived PC variables for the Cedar 
West field in 2008.† 
Terms Coefficients Significance
Intercept 0.00 0.9999 
PC1 -0.340 <0.0001 
PC2 -0.182 0.0176 
PC3 -0.081 0.2472 
PC4 -0.095 0.3351 
PC5 0.002 0.9725 
PC6 -0.113 0.1025 
PC7 -0.052 0.4486 
Corndummy 0.00 0.9999 
Soydummy 0.00 0.9999 
sprprec x depth 0.003 0.0521 
sumprec x depth -0.002 0.0682 
Variation Exp.‡  0.23 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.72. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Cedar West field in 
2008. 
 Cluster Means 
Cluster 1 2 
Corn 2006 -0.65 0.77 
Soybean 2007 -0.67 0.79 
Wheat 2008 0.29 -0.35 
 PCA 
Cluster 1 2 
1 24 8 
Percent Correct 75.00 25.00 
2 6 21 
Percent Correct 22.22 77.78 
Error Rate 0.2500 0.2222 
Total Error Rate†  0.2361 
† Combined error rate across both 
clusters. 
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Table 3.73. Principal component analysis using soil and water variables combined across CPT data sets on the 
Cedar West field. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
TS 23-46cm 0.14† 0.57* 0.06 0.40* -0.44* 0.01 -0.19 -0.24 -0.10 
SS 23-46cm 0.40* 0.53* 0.07 0.37 -0.28 0.08 -0.13 -0.16 -0.20 
TS 46-69cm 0.19 0.70* -0.07 -0.04 -0.24 0.04 -0.04 -0.22 0.36 
SS 46-69cm 0.47* 0.64* -0.08 -0.01 -0.22 0.08 -0.09 -0.24 0.24 
TS 69-91cm 0.26 0.69* -0.29 -0.37 0.12 -0.01 0.02 0.04 0.12 
SS 69-91cm 0.47* 0.61* -0.21 -0.36 0.09 0.11 0.02 0.01 0.14 
TS 91-114cm 0.21 0.31 -0.33 -0.50* 0.52* 0.03 -0.13 0.14 -0.12 
SS 91-114cm 0.36 0.35 -0.28 -0.52* 0.51* 0.05 -0.14 -0.02 -0.08 
Depth to Compact -0.34 -0.31 0.01 0.22 0.07 -0.10 0.38 0.22 0.28 
ECa 0.76* -0.03 0.14 0.17 0.15 0.12 0.00 -0.09 -0.22 
Elevation -0.52* -0.03 -0.63* 0.03 0.08 -0.08 0.21 -0.20 -0.19 
Slope 0.27 -0.16 0.03 0.06 -0.25 0.55* -0.49* 0.35 0.01 
Plan C. -0.20 0.07 -0.33 0.02 -0.21 0.47* 0.49* -0.08 -0.01 
Profile C. 0.27 0.15 0.24 0.03 -0.01 -0.44* -0.44* 0.36 -0.20 
TWI 0.17 0.17 0.54* -0.02 0.17 -0.62* 0.21 -0.19 0.16 
Streampower 0.45* 0.06 0.62* -0.09 0.02 -0.20 -0.09 0.04 0.28 
Carbon 23-46 cm -0.55* 0.24 0.30 -0.51* -0.21 0.06 0.17 0.17 -0.08 
Carbon 46-69 cm -0.53* 0.39 0.52* -0.08 0.16 0.15 0.18 -0.12 -0.32 
Carbon 69-91 cm -0.43* 0.24 0.53* 0.16 0.41* 0.38 -0.07 -0.10 -0.06 
Carbon 91-114 cm -0.45* -0.04 0.30 0.26 0.47* 0.32 -0.11 -0.03 0.32 
OM 23-46 cm -0.70* 0.23 0.21 -0.50* -0.21 -0.05 0.10 0.07 -0.04 
OM 46-69 cm -0.80* 0.40* 0.30 0.01 0.05 0.00 -0.04 -0.06 -0.18 
OM 69-91 cm -0.73* 0.41* 0.14 0.25 0.25 0.12 -0.12 -0.01 -0.05 
OM 91-114 cm -0.67* 0.22 -0.06 0.27 0.32 0.16 -0.12 0.09 0.32 
EC 23-46 cm 0.81* -0.16 -0.05 0.34 0.26 0.15 0.05 0.01 -0.10 
EC 46-69 cm 0.83* -0.21 0.09 -0.03 0.18 0.22 0.23 0.01 0.07 
EC 69-91 cm 0.85* -0.17 0.30 -0.10 0.16 0.13 0.18 -0.04 0.02 
EC 91-114 cm 0.71* -0.06 0.46* -0.09 0.17 0.09 0.24 -0.19 -0.16 
Force 23-46 cm 0.28 0.38 0.32 -0.06 -0.38 0.17 0.35 0.40* 0.00 
Force 46-69 cm 0.28 0.60* 0.04 0.30 0.03 0.08 0.28 0.44* -0.08 
Force 69-91 cm 0.02 0.51* -0.29 0.54* 0.21 -0.27 0.19 0.29 0.00 
Force 91-114 cm 0.09 0.38 -0.27 0.44* 0.26 -0.24 0.12 0.01 -0.12 
Variation Exp. 0.2526 0.3919 0.4875 0.5700 0.6386 0.6943 0.7423 0.7786 0.8107
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 Table 3.74. Regression model coefficients 
using derived PC variables for the Cedar 
West field.† 
Terms Coefficients Significance
Intercept -0.024 0.8360 
PC1 -0.467 <0.0001 
PC2 -0.165 0.0027 
PC3 -0.093 0.0613 
PC4 -0.028 0.6047 
PC5 -0.038 0.4522 
PC6 -0.003 0.9540 
PC7 -0.036 0.5296 
PC8 0.100 0.0662 
PC9 0.243 <0.0001 
sprprec x depth 0.002 0.0857 
sumprec x depth -0.002 0.0234 
CPTdummy 0.178 0.3468 
Corndummy 0.046 0.7743 
Soydummy 0.023 0.8866 
Corn x CPT -0.202 0.4274 
Soybean x CPT -0.032 0.9037 
Variation Exp.‡  0.29 
† Models were constructed using standardized 
CPT data and crop yield across years. 
‡ Denotes model R2 value.  
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Table 3.75. Principal component analysis using soil and water variables on the Cedar East field in 2006. Variables 
displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
TS 23-46cm 0.14† 0.61* 0.23 -0.17 0.46* -0.34 -0.03 0.12 0.02 
SS 23-46cm 0.05 0.56* 0.18 -0.22 0.40* -0.21 -0.16 0.33 0.14 
VM 23-46cm -0.06 -0.43* -0.43* 0.10 -0.05 0.23 -0.01 0.29 0.07 
TS 46-69cm 0.12 0.72* -0.30 0.05 0.21 -0.36 -0.21 0.06 0.14 
SS 46-69cm -0.05 0.73* -0.24 -0.02 0.26 -0.33 -0.11 0.11 0.08 
VM 46-69 cm -0.16 -0.40* -0.13 0.26 0.03 0.01 0.34 0.31 -0.22 
TS 69-91cm 0.32 0.61* -0.44* 0.24 -0.28 0.10 -0.02 -0.19 0.00 
SS 69-91cm 0.11 0.70* -0.40* 0.04 -0.02 0.07 0.17 -0.03 -0.20 
VM 69-91 cm -0.21 -0.45* 0.14 -0.23 0.34 -0.28 0.45* 0.37 -0.12 
TS 91-114cm 0.37 0.48* -0.32 0.20 -0.10 0.25 0.51* 0.14 0.17 
SS 91-114cm 0.24 0.49* -0.39 0.13 0.00 0.26 0.51* 0.15 -0.14 
VM 91-114 cm -0.09 -0.44* 0.15 -0.19 0.18 -0.54* -0.11 -0.03 -0.19 
Depth to Compact -0.41* -0.54* 0.23 -0.08 0.00 0.15 -0.07 0.09 -0.09 
ECa -0.54* 0.14 0.17 0.25 0.21 0.07 -0.13 0.18 0.33 
Elevation 0.13 -0.23 -0.63* -0.57* 0.00 -0.03 -0.09 0.21 -0.04 
Slope -0.38 0.22 0.56* -0.11 0.02 -0.13 0.28 -0.23 0.03 
Plan C. 0.29 -0.22 -0.39 -0.43* 0.12 -0.10 0.29 -0.35 0.14 
Profile C. -0.06 0.18 0.13 0.47* -0.04 0.24 -0.43* 0.26 -0.36 
TWI -0.22 0.04 0.17 0.76* 0.01 -0.01 -0.19 0.16 -0.09 
Streampower -0.46* 0.29 0.52* 0.32 -0.06 -0.20 0.26 -0.22 -0.07 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
  
442
Table 3.76. Principal component analysis using soil and water variables on the Cedar East field in 2006. Variables 
displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
Carbon 23-46 cm 0.33† 0.30 0.55* -0.31 -0.11 0.12 0.26 0.30 -0.17 
Carbon 46-69 cm 0.71* -0.11 0.35 -0.25 -0.15 0.10 0.05 0.26 0.14 
Carbon 69-91 cm 0.68* -0.43* 0.03 0.25 0.06 -0.21 0.17 0.07 0.25 
Carbon 91-114 cm 0.61* -0.43* -0.01 0.42* 0.09 -0.22 0.16 0.04 0.21 
OM 23-46 cm 0.41* 0.29 0.70* -0.04 -0.29 -0.01 0.12 0.08 -0.12 
OM 46-69 cm 0.72* 0.17 0.37 -0.01 -0.27 0.00 -0.02 0.00 0.00 
OM 69-91 cm 0.74* -0.15 0.20 0.46* -0.02 -0.22 0.03 -0.07 0.10 
OM 91-114 cm 0.67* -0.26 0.13 0.52* 0.09 -0.18 0.02 -0.01 0.16 
EC 23-46 cm -0.52* -0.22 -0.29 0.30 0.47* 0.19 0.13 -0.02 0.20 
EC 46-69 cm -0.71* 0.02 0.11 0.19 0.30 0.24 0.19 -0.01 0.10 
EC 69-91 cm -0.74* 0.27 0.37 -0.08 -0.03 0.10 0.27 0.00 0.16 
EC 91-114 cm -0.76* 0.11 0.22 0.01 -0.17 0.08 0.07 -0.02 0.24 
Force 23-46 cm 0.32 0.00 0.41* -0.37 -0.06 0.40* -0.19 -0.02 0.29 
Force 46-69 cm 0.44* 0.04 0.26 -0.14 0.37 0.57* -0.17 0.05 0.23 
Force 69-91 cm 0.52* -0.04 0.10 -0.01 0.69* 0.36 -0.04 -0.15 -0.20 
Force 91-114 cm 0.46* -0.01 0.22 0.08 0.63* 0.23 0.10 -0.31 -0.33 
Variation Exp. 0.2003 0.3442 0.4565 0.5402 0.6055 0.6637 0.7135 0.7478 0.7795
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
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Table 3.77. Regression model coefficients using derived PC variables for the Cedar East field in 2006.†  
 Corn 06 Soybean 07 Wheat 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.028 0.7981 -0.041 0.7034 -0.036 0.7208 
PC1 -0.033 0.7614 -0.011 0.9197 -0.095 0.3473 
PC2 -0.300 0.0075 -0.265 0.0165 0.245 0.0174 
PC3 0.044 0.6864 0.105 0.3351 0.361 0.0006 
PC4 0.036 0.7422 -0.009 0.9366 -0.145 0.1534 
PC5 -0.165 0.1331 -0.180 0.0990 0.100 0.3235 
PC6 -0.011 0.9208 -0.025 0.8199 0.045 0.6566 
PC7 -0.107 0.3290 -0.112 0.3031 0.181 0.0773 
PC8 0.183 0.0973 0.113 0.2980 -0.251 0.0152 
PC9 -0.102 0.3522 -0.148 0.1733 0.031 0.7554 
Variation Exp.‡  0.18  0.17  0.32 
† Models constructed using standardized crop yield    
‡ Denotes model R2 value.    
 
 Table 3.78. Regression model coefficients 
using derived PC variables for the Cedar 
East field in 2006.† 
Terms Coefficients Significance
Intercept -0.038 0.7306 
PC1 0.056 0.4476 
PC2 0.029 0.7205 
PC3 0.112 0.0961 
PC4 -0.019 0.7721 
PC5 -0.081 0.2060 
PC6 -0.034 0.5990 
PC7 0.005 0.9429 
PC8 -0.007 0.9113 
PC9 -0.050 0.4326 
Corndummy 0.007 0.9630 
Soydummy -0.008 0.9579 
sprprec x depth 0.004 0.0069 
sumprec x depth -0.002 0.0403 
Variation Exp.‡  0.10 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.79. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Cedar East field in 
2006. 
 Cluster Means 
Cluster 1 2 
Corn 2006 -0.71 0.93 
Soybean 2007 -0.67 0.87 
Wheat 2008 -0.15 0.20 
 PCA 
Cluster 1 2 
1 26 20 
Percent Correct 56.52 43.48 
2 14 18 
Percent Correct 43.75 56.25 
Error Rate 0.4348 0.4375 
Total Error Rate†  0.4361 
† Combined error rate across both 
clusters. 
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Table 3.80. Principal component analysis using soil and water variables on the Cedar East field in 2008. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
TS 23-46cm 0.17† 0.66* 0.06 0.08 0.31 -0.05 -0.07 -0.41* 0.27 
SS 23-46cm 0.04 0.64* 0.05 0.16 0.50* 0.02 -0.07 -0.28 0.25 
TS 46-69cm 0.29 0.33 0.07 0.31 0.69* -0.09 0.04 0.30 0.06 
SS 46-69cm 0.27 0.31 0.05 0.32 0.67* -0.15 -0.07 0.32 0.20 
TS 69-91cm 0.45* -0.25 0.37 0.56* 0.07 0.02 0.06 0.02 -0.32 
SS 69-91cm 0.43* -0.16 0.30 0.65* 0.24 0.01 -0.02 0.19 -0.11 
TS 91-114cm 0.24 -0.58* 0.42* 0.46* -0.10 0.05 0.09 -0.30 0.27 
SS 91-114cm 0.14 -0.54* 0.40* 0.41* -0.06 0.08 0.06 -0.24 0.40* 
Depth to Compact -0.20 0.46* -0.46* -0.53* 0.16 0.01 -0.01 0.06 0.09 
ECa -0.56* -0.11 0.41* -0.10 -0.04 0.09 0.12 0.12 0.26 
Elevation 0.04 -0.36 -0.76* 0.22 0.26 0.11 0.06 0.06 0.15 
Slope -0.23 0.54* 0.30 0.22 -0.35 0.11 -0.33 -0.02 -0.07 
Plan C. 0.30 -0.22 -0.21 0.06 -0.21 0.26 -0.41* 0.24 0.20 
Profile C. -0.12 0.10 0.37 -0.07 0.28 -0.26 0.39 -0.14 -0.35 
TWI -0.11 -0.05 0.43* -0.33 0.31 -0.44* 0.35 0.06 -0.02 
Streampower -0.28 0.47* 0.65* -0.04 -0.23 -0.21 -0.21 -0.09 0.02 
Carbon 23-46 cm 0.42* 0.41* -0.04 0.30 -0.39 0.10 0.09 0.32 0.16 
Carbon 46-69 cm 0.70* 0.26 -0.29 -0.05 -0.27 0.06 0.28 -0.12 0.17 
Carbon 69-91 cm 0.72* -0.07 0.04 -0.44* -0.22 -0.14 0.15 0.10 0.13 
Carbon 91-114 cm 0.64* -0.17 0.21 -0.44* -0.05 -0.30 0.09 0.24 0.16 
OM 23-46 cm 0.59* 0.39 0.21 0.29 -0.43* -0.11 -0.02 0.27 -0.08 
OM 46-69 cm 0.71* 0.25 -0.01 0.03 -0.24 -0.13 0.01 -0.27 -0.10 
OM 69-91 cm 0.75* -0.02 0.27 -0.42* -0.14 -0.19 -0.16 -0.10 0.04 
OM 91-114 cm 0.71* -0.11 0.34 -0.39 0.04 -0.25 -0.06 0.11 0.17 
EC 23-46 cm -0.54* -0.34 0.33 -0.39 0.19 0.23 0.06 0.05 0.19 
EC 46-69 cm -0.65* -0.01 0.52* -0.07 -0.05 0.26 0.11 0.29 0.06 
EC 69-91 cm -0.68* 0.41* 0.22 0.15 -0.33 0.08 0.09 0.14 0.13 
EC 91-114 cm -0.66* 0.30 0.07 0.14 -0.29 -0.11 0.27 0.03 0.17 
Force 23-46 cm 0.38 0.29 -0.07 0.15 -0.17 0.42* 0.57* -0.02 -0.07 
Force 46-69 cm 0.37 0.19 0.04 -0.18 0.06 0.69* 0.40* 0.00 0.05 
Force 69-91 cm 0.38 0.02 0.34 -0.32 0.32 0.67* -0.11 0.01 -0.13 
Force 91-114 cm 0.34 0.10 0.47* -0.34 0.18 0.55* -0.31 -0.06 -0.13 
Variation Exp. 0.2161 0.3314 0.4425 0.5434 0.6301 0.7002 0.7463 0.7840 0.8176
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
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Table 3.81. Regression model coefficients using derived PC variables for the Cedar East field in 2008.†  
 Corn 06 Soybean 07 Wheat 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.017 0.8818 -0.016 0.8886 -0.023 0.7840 
PC1 0.131 0.2554 0.057 0.6158 -0.013 0.8779 
PC2 0.053 0.6474 0.066 0.5636 0.422 <0.0001 
PC3 -0.255 0.0296 -0.291 0.0125 0.036 0.6749 
PC4 -0.021 0.8538 -0.066 0.5592 0.200 0.0217 
PC5 -0.038 0.7401 0.070 0.5359 -0.465 <0.0001 
PC6 -0.358 0.0027 -0.228 0.0478 0.312 0.0005 
PC7 0.004 0.9751 -0.052 0.6438 -0.277 0.0018 
PC8 -0.206 0.0767 -0.179 0.1178 -0.042 0.6204 
PC9 -0.069 0.5506 -0.189 0.0987 0.043 0.6166 
Variation Exp.‡  0.25  0.23  0.59 
† Models were constructed using standardized crop yield.   
‡ Denotes model R2 value.      
 
 Table 3.82. Regression model coefficients 
using derived PC variables for the Cedar 
East field in 2008.† 
Terms Coefficients Significance
Intercept -0.027 0.8174 
PC1 0.035 0.6324 
PC2 0.234 0.0129 
PC3 -0.225 0.0176 
PC4 -0.026 0.7991 
PC5 -0.125 0.0804 
PC6 -0.090 0.1824 
PC7 -0.109 0.1065 
PC8 -0.136 0.0475 
PC9 -0.062 0.3697 
Corndummy 0.008 0.9605 
Soydummy 0.010 0.9526 
sprprec x depth 0.001 0.9458 
sumprec x depth -0.001 0.5943 
Variation Exp.‡  0.14 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.83. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Cedar East field in 
2008. 
 Cluster Means 
Cluster 1 2 
Corn 2006 0.81 -0.75 
Soybean 2007 0.79 -0.73 
Wheat 2008 0.21 -0.20 
 PCA 
Cluster 1 2 
1 22 11 
Percent Correct 66.67 33.33 
2 14 22 
Percent Correct 38.89 61.11 
Error Rate 0.3333 0.3889 
Total Error Rate†  0.3611 
† Combined error rate across both 
clusters. 
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Table 3.84. Principal component analysis using soil and water variables on the Cedar East field in 2011. Variables 
displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
TS 23-46cm 0.72*† 0.30 0.04 0.26 -0.32 -0.28 -0.14 0.17 0.04 
SS 23-46cm 0.51* 0.44* -0.15 0.08 -0.13 -0.42* 0.10 0.33 0.20 
VM 23-46cm -0.58* -0.10 -0.07 -0.33 0.44* 0.06 0.37 0.08 0.26 
TS 46-69cm 0.66* 0.53* -0.07 -0.10 -0.07 -0.20 -0.07 -0.12 0.21 
SS 46-69cm 0.36 0.71* 0.01 -0.26 -0.06 -0.25 0.02 0.14 0.26 
VM46-69cm -0.65* -0.22 0.16 -0.01 0.21 0.18 0.11 0.41* 0.04 
TS 69-91cm 0.30 0.69* -0.12 -0.46* 0.01 0.14 0.20 -0.22 0.03 
SS 69-91cm 0.28 0.79* -0.03 -0.31 0.13 0.09 0.08 -0.16 0.12 
VM 69-91cm -0.29 -0.23 0.25 0.47* 0.34 -0.23 -0.17 0.31 0.09 
TS 91-114cm 0.16 0.58* 0.11 -0.46* 0.33 0.28 0.10 0.24 -0.19 
SS 91-114cm 0.17 0.60* 0.17 -0.24 0.38 0.36 0.02 -0.09 -0.17 
VM 91-114cm -0.06 -0.29 -0.10 0.52* -0.06 -0.11 0.05 -0.51* 0.12 
Depth to Compact -0.42* -0.41* -0.08 -0.07 0.28 0.44* 0.05 0.03 0.24 
ECa -0.38 0.28 0.11 0.21 0.51* 0.04 -0.21 0.20 0.21 
Elevation -0.20 -0.43* -0.22 -0.67* -0.18 -0.27 -0.01 0.23 0.03 
Slope -0.10 0.47* 0.53* 0.05 -0.14 0.14 -0.32 0.10 0.08 
Plan C. -0.11 -0.19 -0.06 -0.38 0.43* 0.09 -0.33 -0.31 0.15 
Profile C. 0.01 0.20 0.10 0.35 0.06 -0.10 0.69* -0.02 -0.14 
TWI 0.12 0.26 -0.37 0.47* -0.02 0.26 0.54* 0.10 -0.18 
Streampower -0.08 0.65* 0.27 0.41* -0.12 0.37 -0.10 0.03 0.03 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
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Table 3.85. Principal component analysis using soil and water variables on the Cedar East field in 2011. Variables 
displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
Carbon 23-46 cm 0.10† -0.15 0.83* 0.05 -0.06 0.03 0.03 0.10 -0.09 
Carbon 46-69 cm 0.42* -0.51* 0.48* -0.20 0.02 0.02 0.20 -0.08 0.31 
Carbon 69-91 cm 0.69* -0.37 -0.15 0.16 0.05 0.19 0.08 0.20 0.38 
Carbon 91-114 cm 0.70* -0.23 -0.32 0.16 0.10 0.33 0.01 0.23 0.14 
OM 23-46 cm 0.35 -0.07 0.79* 0.22 -0.13 0.20 -0.06 0.03 -0.13 
OM 46-69 cm 0.57* -0.33 0.46* -0.04 0.04 0.18 0.05 -0.29 0.12 
OM 69-91 cm 0.77* -0.28 -0.08 0.30 0.15 0.22 -0.08 -0.06 0.13 
OM 91-114 cm 0.78* -0.14 -0.29 0.14 0.16 0.31 -0.04 0.17 -0.03 
EC 23-46 cm -0.27 0.25 -0.56* 0.31 0.41* -0.12 0.02 -0.08 0.16 
EC 46-69 cm -0.41* 0.54* -0.12 0.41* 0.27 -0.17 -0.05 -0.08 0.07 
EC 69-91 cm -0.54* 0.61* 0.34 0.13 -0.03 0.04 -0.12 0.10 0.16 
EC 91-114 cm -0.62* 0.33 0.22 0.31 -0.17 0.06 0.16 -0.27 0.27 
Force 23-46 cm 0.16 -0.06 0.60* -0.19 0.24 -0.29 0.33 -0.05 0.19 
Force 46-69 cm 0.23 -0.24 0.45* 0.02 0.48* -0.37 0.26 0.04 -0.11 
Force 69-91 cm 0.41* -0.05 0.02 0.05 0.77* -0.27 -0.10 -0.10 -0.22 
Force 91-114 cm 0.41* 0.10 0.00 0.18 0.76* -0.14 -0.22 -0.07 -0.15 
Variation Exp. 0.1930 0.3559 0.4610 0.5491 0.6368 0.6904 0.7361 0.7747 0.8047
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
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Table 3.86. Regression model coefficients using derived PC variables for the Cedar East field in 2011.†  
 Corn 06 Soybean 07 Wheat 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.022 0.8421 0.008 0.9544 0.019 0.8531 
PC1 -0.100 0.3829 -0.131 0.3350 -0.101 0.3309 
PC2 -0.442 0.0003 -0.406 0.0042 0.217 0.0399 
PC3 -0.013 0.9082 0.065 0.6278 0.425 0.0002 
PC4 0.014 0.9011 0.052 0.6987 -0.015 0.8829 
PC5 -0.411 0.0007 -0.270 0.0503 0.222 0.0360 
PC6 0.340 0.0045 0.052 0.6975 0.112 0.2787 
PC7 0.115 0.3153 -0.113 0.4037 -0.277 0.0096 
PC8 -0.218 0.0598 -0.285 0.0394 -0.256 0.0164 
PC9 -0.008 0.9468 -0.040 0.7657 -0.040 0.6992 
Variation Exp.‡  0.51  0.33  0.51 
† Models were constructed using standardized crop yield.   
‡ Denotes model R2 value.      
 
 Table 3.87. Regression model coefficients 
using derived PC variables for the Cedar 
East field in 2011.† 
Terms Coefficients Significance
Intercept 0.020 0.8776 
PC1 -0.087 0.3545 
PC2 -0.188 0.0454 
PC3 0.164 0.0343 
PC4 0.021 0.7864 
PC5 -0.169 0.0473 
PC6 0.143 0.1366 
PC7 -0.095 0.2163 
PC8 -0.255 0.0010 
PC9 -0.043 0.6053 
Corndummy -0.045 0.8074 
Soydummy -0.019 0.9183 
sprprec x depth 0.002 0.3239 
sumprec x depth -0.001 0.3292 
Variation Exp.‡  0.21 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.88. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Cedar East field in 
2011. 
 Cluster Means 
Cluster 1 2 
Corn 2006 0.81 -0.73 
Soybean 2007 0.90 -0.81 
Wheat 2008 0.03 -0.03 
 PCA 
Cluster 1 2 
1 16 8 
Percent Correct 66.67 33.33 
2 7 20 
Percent Correct 25.93 74.07 
Error Rate 0.3333 0.2593 
Total Error Rate†  0.2963 
† Combined error rate across both 
clusters. 
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Table 3.89. Principal component analysis using soil and water variables combined across CPT data sets 
on the Cedar East field. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 
TS 23-46cm 0.21† 0.54* 0.17 -0.05 -0.56* -0.02 0.19 0.10 
SS 23-46cm 0.09 0.55* 0.07 -0.09 -0.62* 0.08 0.12 0.13 
TS 46-69cm 0.20 0.63* -0.28 -0.10 -0.49* -0.08 0.05 0.10 
SS 46-69cm 0.07 0.69* -0.27 -0.15 -0.42* -0.05 0.13 0.16 
TS 69-91cm 0.27 0.60* -0.43* -0.11 0.29 -0.10 -0.14 -0.07 
SS 69-91cm 0.17 0.71* -0.41* -0.16 0.22 0.01 -0.04 0.00 
TS 91-114cm 0.22 0.48* -0.38 -0.01 0.57* 0.07 -0.09 0.14 
SS 91-114cm 0.14 0.49* -0.37 0.01 0.57* 0.12 -0.06 0.07 
Depth to Compact -0.25 -0.50* 0.27 0.08 -0.20 0.08 0.02 0.02 
ECa -0.50* 0.16 0.08 0.32 0.09 0.19 -0.01 0.24 
Elevation 0.07 -0.42* -0.51* -0.58* -0.16 0.08 -0.03 0.13 
Slope -0.30 0.36 0.54* -0.07 0.14 0.03 0.40* -0.08 
Plan C. 0.24 -0.24 -0.27 -0.24 0.23 0.26 0.48* 0.08 
Profile C. -0.08 0.26 0.07 0.31 -0.18 -0.12 -0.61* -0.26 
TWI -0.13 0.17 -0.03 0.64* -0.12 -0.34 -0.39 0.01 
Streampower -0.37 0.49* 0.46* 0.33 0.16 -0.22 0.24 -0.09 
Carbon 23-46 cm 0.32 0.21 0.58* -0.35 0.20 0.07 -0.02 0.04 
Carbon 46-69 cm 0.70* -0.15 0.38 -0.27 0.04 0.04 -0.15 0.24 
Carbon 69-91 cm 0.72* -0.26 0.05 0.32 0.03 -0.18 0.08 0.38 
Carbon 91-114 cm 0.66* -0.18 -0.07 0.49* 0.05 -0.25 0.11 0.32 
OM 23-46 cm 0.46* 0.31 0.65* -0.16 0.23 -0.15 0.01 -0.10 
OM 46-69 cm 0.71* 0.11 0.36 -0.13 0.08 -0.12 -0.07 -0.14 
OM 69-91 cm 0.77* -0.03 0.13 0.44* 0.05 -0.21 0.15 -0.01 
OM 91-114 cm 0.71* -0.02 -0.02 0.53* 0.03 -0.21 0.13 0.10 
EC 23-46 cm -0.49* -0.09 -0.31 0.55* -0.02 0.31 0.04 0.21 
EC 46-69 cm -0.67* 0.19 0.07 0.39 0.11 0.30 0.02 0.16 
EC 69-91 cm -0.72* 0.30 0.40* -0.05 0.17 0.08 0.09 0.23 
EC 91-114 cm -0.72* 0.11 0.32 -0.04 0.12 -0.09 -0.11 0.29 
Force 23-46 cm 0.33 0.07 0.38 -0.29 0.01 0.38 -0.39 0.27 
Force 46-69 cm 0.41* 0.01 0.25 0.02 -0.08 0.66* -0.35 0.18 
Force 69-91 cm 0.46* 0.09 -0.03 0.35 -0.10 0.73* 0.03 -0.21 
Force 91-114 cm 0.40* 0.17 0.06 0.45* -0.03 0.62* 0.22 -0.30 
Variation Exp. 0.2074 0.3396 0.4450 0.5429 0.6148 0.6859 0.7325 0.7651 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 Table 3.90. Regression model coefficients using 
derived PC variables for the Cedar East field.† 
Terms Coefficients Significance
Intercept 0.003 0.9850 
PC1 0.029 0.4889 
PC2 -0.066 0.1671 
PC3 0.177 <0.0001 
PC4 -0.110 0.0057 
PC5 0.054 0.1860 
PC6 -0.097 0.0149 
PC7 0.048 0.2273 
PC8 -0.100 0.0114 
sprprec x depth 0.002 0.0082 
sumprec x depth -0.001 0.0279 
CPTdummy06 0.007 0.9664 
CPTdummy08 -0.094 0.5935 
Corndummy -0.010 0.9580 
Soydummy 0.050 0.7930 
Corn x CPT06 0.027 0.9114 
Soybean x CPT06 -0.106 0.6633 
Corn x CPT08 0.006 0.9794 
Soybean x CPT08 -0.018 0.9431 
Variation Exp.‡  0.11 
† Models were constructed using standardized 
CPT data and crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.91. Principal component analysis using soil and water variables on the Lewis 
Undisturbed field. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 
TS 23-46cm 0.70*† 0.53* -0.05 -0.05 0.00 -0.06 0.11 
SS 23-46cm 0.41* 0.73* -0.23 0.00 0.18 0.06 0.18 
VM 23-46cm -0.74* -0.09 -0.16 0.00 -0.06 0.14 0.06 
TS 46-69cm 0.81* 0.17 0.26 -0.24 0.15 0.24 0.08 
SS 46-69cm 0.75* 0.16 0.03 0.16 0.33 0.29 0.07 
VM46-69cm -0.77* -0.14 -0.23 0.30 0.08 -0.29 0.06 
TS 69-91cm 0.63* 0.26 -0.26 -0.27 -0.06 -0.29 0.11 
SS 69-91cm 0.77* 0.00 0.02 0.29 0.42* -0.02 -0.04 
VM 69-91cm -0.37 -0.45* 0.42* 0.46* 0.28 -0.11 0.08 
TS 91-114cm 0.66* 0.00 -0.57* 0.09 0.15 -0.16 -0.23 
SS 91-114cm 0.76* 0.05 0.01 0.12 0.49* -0.10 -0.04 
VM 91-114cm -0.24 -0.14 0.71* 0.15 0.21 -0.10 0.30 
Depth to Compact -0.51* -0.22 0.36 0.07 0.16 0.33 -0.07 
Water pH 0.24 0.62* 0.59* 0.25 -0.20 -0.13 -0.11 
Buffer pH 0.30 0.55* 0.50* 0.36 -0.20 -0.12 -0.24 
Phosphorus -0.07 0.85* 0.18 -0.09 -0.16 -0.02 -0.03 
Potassium 0.03 0.76* 0.00 -0.03 0.05 0.17 -0.06 
Calcium -0.13 0.84* 0.19 0.21 -0.06 -0.20 -0.16 
Magnesium -0.47* 0.42* -0.18 0.32 0.21 0.42* 0.16 
OM -0.21 0.14 0.10 -0.25 0.23 -0.41* 0.66* 
Sulfur 0.27 0.53* 0.09 0.20 -0.42* -0.11 0.31 
Zinc -0.50* 0.71* -0.20 -0.05 0.03 -0.13 -0.01 
Manganese -0.01 0.09 -0.55* 0.65* -0.12 -0.06 0.17 
Boron -0.50* 0.70* 0.16 -0.30 0.18 0.14 -0.01 
Iron -0.55* 0.71* 0.12 -0.22 0.20 0.14 -0.03 
Copper -0.65* 0.53* -0.28 0.09 0.22 0.00 -0.09 
Sodium 0.35 0.07 -0.19 0.20 -0.40* 0.53* 0.37 
CEC -0.49* 0.57* -0.42* 0.09 0.17 -0.08 -0.07 
Variation Exp. 0.2697 0.5021 0.6017 0.6608 0.7136 0.7602 0.7987
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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 Table 3.92. Regression model coefficients using derived PC variables for 
the Lewis Undisturbed field.† 
 Soybean 05 Corn 06 
Terms Coefficients Significance Coefficients Significance 
Intercept 0.000 0.9999 0.000 0.9999 
PC1 0.253 0.0195 0.198 0.1285 
PC2 0.650 <0.0001 -0.063 0.6271 
PC3 0.057 0.5886 0.200 0.1262 
PC4 -0.116 0.2721 -0.109 0.3999 
PC5 -0.098 0.3528 -0.269 0.0412 
PC6 -0.164 0.1220 -0.352 0.0088 
PC7 -0.067 0.5247 -0.145 0.2627 
Variation Exp.‡  0.54  0.31 
† Models were constructed using standardized crop yield. 
‡ Denotes model R2 value.    
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 Table 3.93. Regression model coefficients 
using derived PC variables for the Lewis 
Undisturbed field.† 
Terms Coefficients Significance
Intercept 0.000 0.9999 
PC1 0.219 0.0568 
PC2 0.291 0.0027 
PC3 0.133 0.1955 
PC4 -0.111 0.2173 
PC5 -0.181 0.0519 
PC6 -0.253 0.0133 
PC7 -0.107 0.2362 
Soydummy 0.000 0.9999 
sprprec x depth 0.001 0.2299 
sumprec x depth -0.001 0.2362 
Variation Exp.‡  0.29 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.94. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis Undisturbed 
field. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 0.34 -0.27 
Corn 2006 0.81 -0.64 
 PCA 
Cluster 1 2 
1 16 6 
Percent Correct 72.73 27.27 
2 8 20 
Percent Correct 28.57 71.43 
Error Rate 0.2727 0.2857 
Total Error Rate†  0.2792 
† Combined error rate across both 
clusters. 
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Table 3.95. Principal component analysis using soil and water variables on the Lewis West field in 2006. Variables 
displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
TS 23-46cm 0.30† 0.01 -0.72* 0.26 0.31 0.11 0.12 -0.15 -0.06 0.20 
SS 23-46cm 0.14 0.65* -0.04 0.04 0.26 -0.45* 0.42* -0.04 -0.12 0.08 
VM 23-46cm -0.15 0.14 0.73* -0.35 -0.14 -0.23 0.07 0.04 -0.02 0.04 
TS 46-69cm 0.43* 0.29 -0.58* -0.01 0.38 -0.21 -0.11 0.10 -0.01 0.11 
SS 46-69cm 0.21 0.72* -0.07 -0.08 0.23 -0.55* 0.13 0.04 0.04 0.08 
VM46-69cm -0.23 -0.19 0.67* -0.10 -0.30 -0.05 0.13 -0.22 0.11 0.32 
TS 69-91cm 0.61* 0.30 -0.18 -0.34 -0.09 0.23 -0.17 0.03 0.38 0.01 
SS 69-91cm 0.24 0.79* 0.13 -0.21 -0.08 -0.32 0.09 0.02 0.23 -0.03 
VM 69-91cm -0.39 -0.27 0.48* 0.19 0.01 -0.21 0.14 -0.19 -0.07 -0.07 
TS 91-114cm 0.45* 0.34 -0.12 -0.28 -0.35 0.45* -0.23 -0.07 0.14 -0.12 
SS 91-114cm 0.18 0.81* 0.25 -0.26 -0.21 -0.07 0.03 -0.05 0.13 -0.18 
VM 91-114cm -0.38 -0.36 0.25 0.39 0.29 -0.38 0.14 0.08 -0.01 0.16 
Depth to Compact -0.17 -0.24 0.61* -0.16 -0.02 -0.20 -0.32 0.38 -0.03 0.01 
ECa -0.72* 0.06 -0.06 0.07 0.00 0.19 0.40* 0.15 0.10 -0.03 
Elevation 0.70* -0.36 -0.03 -0.36 -0.06 -0.21 -0.16 0.02 -0.12 0.14 
Slope -0.42* 0.59* 0.31 0.33 0.28 0.31 -0.21 0.04 -0.15 0.04 
Plan C. 0.28 -0.39 -0.30 -0.27 -0.03 -0.38 0.25 -0.08 -0.04 -0.50* 
Profile C. -0.41* 0.59* 0.35 0.26 0.34 0.26 -0.17 0.05 -0.09 0.12 
TWI 0.27 -0.36 -0.13 -0.18 -0.10 -0.08 0.35 -0.04 0.48* 0.53* 
Streampower -0.44* 0.28 0.04 0.51* -0.21 0.21 0.10 -0.12 0.35 0.18 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
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Table 3.96. Principal component analysis using soil and water variables on the Lewis West field in 2006. Variables 
displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
Carbon 23-46 cm 0.63*† -0.21 0.32 0.19 0.42* 0.15 0.11 -0.09 0.32 -0.15 
Carbon 46-69 cm 0.76* 0.04 0.35 0.29 0.11 0.11 0.19 0.05 0.06 -0.23 
Carbon 69-91 cm 0.53* 0.12 0.01 0.11 -0.43* 0.19 0.49* 0.15 -0.20 -0.03 
Carbon 91-114 cm 0.60* -0.07 -0.08 0.46* -0.25 -0.08 0.00 0.52* 0.02 0.05 
OM 23-46 cm 0.71* -0.20 0.30 0.12 0.40* 0.09 0.07 -0.01 0.25 -0.12 
OM 46-69 cm 0.76* 0.01 0.34 0.25 0.09 0.12 0.17 0.07 0.04 -0.24 
OM 69-91 cm 0.66* 0.09 0.04 0.37 -0.39 0.08 0.24 0.01 -0.19 0.07 
OM 91-114 cm 0.59* 0.00 -0.10 0.56* -0.24 -0.15 -0.14 0.40* -0.01 0.01 
EC 23-46 cm -0.74* 0.26 -0.26 -0.08 -0.24 0.14 0.25 -0.05 -0.27 0.02 
EC 46-69 cm -0.67* -0.09 -0.24 -0.13 0.08 0.24 0.34 0.29 0.12 -0.03 
EC 69-91 cm -0.35 -0.09 -0.02 -0.42* 0.33 0.16 0.04 0.62* 0.08 0.03 
EC 91-114 cm -0.20 -0.03 0.16 -0.43* 0.39 0.31 0.39 0.29 -0.08 -0.04 
Force 23-46 cm 0.60* -0.05 0.05 -0.03 0.52* 0.14 -0.07 -0.30 -0.12 0.12 
Force 46-69 cm 0.71* -0.03 0.24 -0.23 0.15 0.30 0.17 -0.20 -0.27 0.16 
Force 69-91 cm 0.74* 0.02 0.22 -0.28 -0.07 0.25 0.22 0.03 -0.27 0.15 
Force 91-114 cm 0.71* 0.08 0.09 -0.19 -0.02 -0.04 -0.20 0.25 -0.20 0.34 
Variation Exp. 0.2683 0.3851 0.4874 0.5657 0.6330 0.6926 0.7422 0.7852 0.8193 0.8521
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
 
 
 Table 3.97. Regression model coefficients using derived PC variables for the Lewis West field in 
2006.† 
 Soybean 05 Corn 06 Soybean 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.088 0.3282 -0.046 0.6577 -0.085 0.2901 
PC1 -0.618 <0.0001 -0.419 0.0002 -0.613 <0.0001 
PC2 0.002 0.9786 -0.035 0.7361 -0.158 0.0549 
PC3 -0.012 0.8919 0.064 0.5418 -0.063 0.4344 
PC4 0.044 0.6270 0.131 0.2157 0.246 0.0036 
PC5 -0.348 0.0003 -0.397 0.0004 -0.256 0.0025 
PC6 -0.144 0.1156 -0.096 0.3590 -0.130 0.1121 
PC7 0.128 0.1628 -0.043 0.6837 -0.029 0.7214 
PC8 -0.053 0.5556 0.015 0.8829 -0.156 0.0586 
PC9 0.019 0.8333 0.003 0.9777 0.038 0.6386 
PC10 -0.185 0.0448 -0.320 0.0034 -0.274 0.0013 
Var. Exp.‡  0.58  0.46  0.66 
 Corn 08 Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -0.020 0.8420 -0.033 0.7549   
PC1 -0.318 0.0030 -0.141 0.1922   
PC2 -0.197 0.0588 0.021 0.8468   
PC3 -0.282 0.0079 -0.533 <0.0001   
PC4 0.194 0.0631 0.075 0.4880   
PC5 -0.246 0.0197 -0.122 0.2566   
PC6 -0.154 0.1365 0.045 0.6720   
PC7 -0.168 0.1066 -0.121 0.2610   
PC8 -0.090 0.3802 -0.195 0.0739   
PC9 0.072 0.4812 0.192 0.0781   
PC10 -0.375 0.0006 0.008 0.9417   
Var. Exp.  0.50  0.42   
† Models were constructed using standardized crop yield.  
‡ Denotes model R2 value.     
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 Table 3.98. Regression model coefficients 
using derived PC variables for the Lewis 
West field in 2006.† 
Terms Coefficients Significance
Intercept -0.069 0.2397 
PC1 -0.410 <0.0001 
PC2 -0.057 0.2531 
PC3 -0.207 0.0031 
PC4 0.148 0.0021 
PC5 -0.272 <0.0001 
PC6 -0.082 0.0934 
PC7 -0.024 0.6486 
PC8 -0.122 0.0308 
PC9 0.067 0.1479 
PC10 -0.230 <0.0001 
Corndummy 0.036 0.7000 
sprprec x depth -0.001 0.3796 
sumprec x depth 0.001 0.1638 
Variation Exp.‡  0.38 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.99. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis West field in 
2006. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 -0.77 0.79 
Corn 2006 -0.72 0.74 
Soybean 2007 -0.78 0.81 
Corn 2008 -0.67 0.69 
Soybean 2009 -0.39 0.41 
 PCA 
Cluster 1 2 
1 27 6 
Percent Correct 81.82 18.18 
2 3 26 
Percent Correct 10.34 89.66 
Error Rate 0.1818 0.1034 
Total Error Rate†  0.1426 
† Combined error rate across both 
clusters. 
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Table 3.100. Principal component analysis using soil and water variables on the Lewis West field in 2007. Variables displayed include CPT, ECa, 
elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 
TS 23-46cm 0.44*† -0.25 0.10 0.36 -0.08 0.59* -0.16 0.16 -0.02 0.02 -0.07 0.19 -0.11 
SS 23-46cm 0.46* -0.14 0.03 0.35 -0.17 0.60* -0.07 0.10 -0.14 -0.02 0.12 0.26 0.04 
VM 23-46cm -0.26 0.37 -0.17 -0.27 -0.14 -0.06 0.09 -0.22 -0.36 -0.02 0.36 0.08 0.29 
TS 46-69cm 0.63* 0.01 0.62* 0.11 0.02 0.15 -0.08 -0.02 0.12 -0.09 -0.06 -0.15 0.13 
SS 46-69cm 0.69* -0.10 0.47* 0.16 -0.10 0.19 -0.21 0.06 0.12 -0.03 0.07 0.07 0.05 
VM46-69cm -0.39 -0.01 -0.51* -0.17 -0.28 -0.02 0.03 0.16 0.06 0.24 0.41* 0.23 0.02 
TS 69-91cm 0.52* 0.04 0.64* -0.03 -0.19 -0.10 0.12 -0.18 0.16 -0.03 0.10 -0.18 0.14 
SS 69-91cm 0.61* 0.01 0.55* 0.00 -0.24 -0.20 -0.01 -0.10 0.19 0.07 0.15 -0.12 0.19 
VM 69-91cm 0.00 -0.21 -0.18 0.09 -0.05 0.13 -0.02 0.44* 0.35 0.49* 0.38 0.15 0.05 
TS 91-114cm 0.49* -0.12 0.39 0.02 -0.38 -0.17 -0.10 -0.39 0.13 0.07 0.13 0.21 0.09 
SS 91-114cm 0.46* -0.09 0.42* -0.08 -0.33 -0.35 -0.15 -0.31 0.12 0.16 0.14 0.18 0.10 
VM 91-114cm -0.19 -0.11 0.03 -0.09 0.15 0.11 0.02 0.54* 0.39 0.19 0.15 -0.36 0.21 
Depth to Compact -0.25 0.21 -0.22 -0.47* 0.02 -0.48* -0.07 0.07 -0.10 -0.05 0.07 0.10 0.08 
ECa -0.71* 0.05 0.08 0.27 0.23 0.03 0.06 -0.15 0.08 -0.14 -0.12 0.08 0.12 
Elevation 0.72* 0.17 -0.09 -0.02 -0.20 -0.28 -0.19 0.25 -0.20 -0.02 -0.05 -0.06 -0.18 
Slope -0.27 -0.54* 0.37 -0.29 0.36 0.18 0.34 -0.08 -0.24 0.00 0.06 -0.07 0.05 
Plan C. 0.18 0.51* -0.33 0.02 -0.29 -0.36 -0.31 0.14 0.07 -0.21 0.03 -0.09 0.03 
Profile C. 0.23 0.52* -0.33 0.25 -0.35 -0.13 -0.39 -0.02 0.28 0.10 -0.13 0.12 -0.12 
TWI 0.17 0.38 -0.21 0.49* -0.20 0.04 -0.05 -0.23 0.23 0.11 -0.24 0.20 -0.09 
Streampower -0.35 -0.16 0.13 -0.20 0.25 0.28 0.10 -0.43* 0.17 0.34 -0.18 0.16 -0.12 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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Table 3.101. Principal component analysis using soil and water variables on the Lewis West field in 2007. Variables displayed include C, OM, EC, 
and Force as measured using the soil spectrophotometer.  Soil fertility variables are also included. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 
Carbon 23-46 cm 0.64*† -0.14 -0.32 0.02 0.14 -0.14 0.23 0.07 0.06 0.35 -0.23 0.05 0.27 
Carbon 46-69 cm 0.69* 0.03 -0.32 -0.19 0.26 0.01 0.33 -0.02 0.09 0.10 -0.09 0.04 0.23 
Carbon 69-91 cm 0.40* 0.49* -0.04 -0.05 0.22 0.26 0.25 -0.06 0.25 -0.31 0.13 0.15 0.00 
Carbon 91-114 cm 0.38 0.34 -0.26 -0.21 0.46* 0.19 -0.22 -0.08 0.33 -0.17 -0.03 -0.16 -0.05 
OM 23-46 cm 0.76* -0.07 -0.25 0.03 0.15 -0.13 0.14 0.04 0.01 0.24 -0.26 0.04 0.22 
OM 46-69 cm 0.66* 0.06 -0.33 -0.18 0.26 -0.03 0.31 -0.01 0.08 0.04 -0.12 -0.01 0.18 
OM 69-91 cm 0.53* 0.32 -0.14 -0.18 0.26 0.35 0.02 -0.21 0.17 -0.14 0.23 0.10 0.03 
OM 91-114 cm 0.34 0.24 -0.26 -0.32 0.39 0.32 -0.32 -0.11 0.30 -0.11 0.05 -0.19 -0.05 
EC 23-46 cm -0.78* -0.01 0.11 0.14 -0.09 0.12 0.12 -0.01 0.13 -0.32 0.35 0.07 0.00 
EC 46-69 cm -0.65* -0.12 0.11 0.30 0.09 -0.18 0.01 0.19 0.42* -0.19 0.06 0.09 0.11 
EC 69-91 cm -0.04 -0.23 0.32 0.34 0.27 -0.44* 0.02 0.35 0.28 -0.20 -0.07 0.06 0.04 
EC 91-114 cm 0.05 -0.10 0.16 0.33 0.20 -0.38 0.46* 0.21 0.10 -0.33 -0.13 0.25 -0.01 
Force 23-46 cm 0.57* -0.32 -0.34 0.23 -0.18 0.19 0.14 0.10 -0.23 -0.09 0.10 0.12 0.15 
Force 46-69 cm 0.65* 0.04 -0.26 0.17 -0.08 -0.02 0.45* 0.01 -0.17 -0.24 0.11 0.07 0.01 
Force 69-91 cm 0.72* 0.19 -0.08 0.08 -0.07 -0.05 0.41* 0.07 -0.03 -0.27 0.12 0.06 -0.08 
Force 91-114 cm 0.76* 0.00 -0.04 -0.09 -0.08 -0.04 0.12 0.08 0.00 -0.21 0.10 -0.20 -0.30 
Water pH -0.39 0.08 0.13 -0.56* -0.45* 0.21 0.02 0.25 0.14 -0.17 -0.24 0.20 0.11 
Buffer pH -0.36 0.10 0.12 -0.55* -0.46* 0.24 0.01 0.24 0.13 -0.18 -0.24 0.17 0.15 
Phosphorus 0.29 0.11 0.45* -0.49* 0.25 -0.01 -0.06 0.17 -0.08 0.10 0.13 0.17 -0.15 
Potassium -0.27 0.38 0.33 -0.19 -0.14 0.09 0.51* 0.08 0.19 0.16 -0.13 -0.12 -0.21 
Calcium -0.05 0.56* 0.33 -0.29 -0.22 0.29 0.09 0.39 -0.14 -0.05 -0.19 0.17 0.08 
Magnesium -0.28 0.43* 0.03 0.09 -0.46* 0.03 0.44* -0.14 0.06 0.20 0.15 -0.32 -0.07 
OM 0.14 -0.14 0.08 -0.22 0.46* -0.32 0.15 0.03 0.10 0.07 0.28 0.32 -0.38 
Sulfur -0.26 0.27 0.16 0.43* 0.22 0.04 -0.08 0.19 -0.38 0.03 -0.10 -0.05 0.10 
Zinc -0.30 0.58* 0.16 -0.11 0.29 -0.15 -0.01 -0.15 0.02 0.01 -0.03 0.20 0.29 
Manganese -0.56* 0.21 -0.13 0.19 -0.09 0.03 0.35 -0.30 0.24 0.02 -0.17 0.12 -0.08 
Boron -0.27 0.41* 0.20 0.30 0.51* 0.00 -0.36 0.00 -0.20 0.07 0.01 0.11 0.13 
Iron 0.19 0.54* 0.29 -0.03 0.44* -0.01 -0.26 0.10 -0.16 0.04 0.17 0.08 0.06 
Copper 0.01 0.56* 0.31 0.20 0.18 -0.11 0.20 0.22 -0.02 0.40* -0.03 0.11 -0.22 
Sodium -0.51* 0.28 -0.17 0.52* 0.03 0.16 0.16 -0.07 0.11 -0.01 0.28 -0.15 0.20 
CEC 0.14 0.70* 0.26 0.21 -0.08 0.15 0.29 0.12 -0.25 0.21 0.06 -0.12 -0.04 
Variation Exp. 0.2142 0.3052 0.3873 0.4566 0.5247 0.5788 0.6305 0.6715 0.7098 0.7443 0.7746 0.8001 0.8225
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 
 Table 3.102. Regression model coefficients using derived PC variables for the Lewis West field in 
2007.† 
 Soybean 05 Corn 06 Soybean 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 0.000 0.9999 0.000 0.9999 0.003 0.9750 
PC1 -0.577 <0.0001 -0.234 0.0323 -0.619 <0.0001 
PC2 0.023 0.8138 -0.050 0.6374 0.027 0.7767 
PC3 -0.031 0.7561 0.048 0.6546 -0.167 0.0818 
PC4 -0.202 0.0470 -0.438 0.0001 -0.247 0.0153 
PC5 -0.101 0.3112 -0.027 0.8019 -0.004 0.9660 
PC6 -0.263 0.0108 -0.315 0.0047 -0.093 0.3316 
PC7 -0.039 0.6979 -0.064 0.5512 -0.162 0.0908 
PC8 -0.116 0.2484 -0.063 0.5561 -0.098 0.3021 
PC9 0.205 0.0437 0.150 0.1641 0.106 0.2716 
PC10 0.024 0.8067 0.174 0.1070 0.118 0.2183 
PC11 -0.112 0.2635 -0.062 0.5629 -0.133 0.1758 
PC12 0.067 0.5001 0.203 0.0613 0.088 0.3590 
PC13 -0.012 0.9023 0.052 0.6294 0.050 0.5980 
Var. Exp.‡  0.53  0.46  0.58 
 Corn 08 Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept 0.000 0.9999 0.000 0.9999   
PC1 -0.436 <0.0001 -0.170 0.0933   
PC2 -0.215 0.0381 -0.096 0.3362   
PC3 -0.167 0.1052 -0.066 0.5057   
PC4 -0.359 0.0008 0.334 0.0015   
PC5 0.111 0.2781 -0.036 0.7161   
PC6 -0.142 0.1645 0.384 0.0003   
PC7 -0.243 0.0200 -0.256 0.0130   
PC8 -0.016 0.8732 -0.130 0.1947   
PC9 0.042 0.6784 0.258 0.0122   
PC10 0.027 0.7900 0.208 0.0409   
PC11 -0.113 0.2686 0.164 0.1048   
PC12 0.104 0.3070 0.059 0.5526   
PC13 0.008 0.9336 -0.066 0.5103   
Var. Exp.  0.51  0.53   
† Models were constructed using standardized crop yield.  
‡ Denotes model R2 value.     
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 Table 3.103. Regression model coefficients 
using derived PC variables for the Lewis 
West field in 2007.† 
Terms Coefficients Significance
Intercept 0.001 0.9851 
PC1 -0.420 <0.0001 
PC2 -0.051 0.3212 
PC3 -0.088 0.0880 
PC4 -0.207 0.0008 
PC5 -0.011 0.8278 
PC6 -0.111 0.0713 
PC7 -0.156 0.0016 
PC8 -0.081 0.0999 
PC9 0.147 0.0033 
PC10 0.108 0.0282 
PC11 -0.047 0.3355 
PC12 0.110 0.0269 
PC13 0.011 0.8294 
Corndummy -0.001 0.9906 
sprprec x depth -0.001 0.0514 
sumprec x depth 0.001 0.1391 
Variation Exp.‡  0.31 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.104. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis West field in 
2007. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 -0.79 0.74 
Corn 2006 -0.68 0.64 
Soybean 2007 -0.82 0.74 
Corn 2008 -0.72 0.67 
Soybean 2009 -0.04 0.03 
 PCA 
Cluster 1 2 
1 25 5 
Percent Correct 83.33 16.67 
2 7 25 
Percent Correct 21.88 78.13 
Error Rate 0.1667 0.2188 
Total Error Rate†  0.1927 
† Combined error rate across both 
clusters. 
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Table 3.105. Principal component analysis using soil and water variables combined across CPT data sets on the Lewis West field. 
Variables displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 
TS 23-46cm 0.36† 0.32 -0.60* -0.19 0.31 -0.14 0.25 -0.11 -0.01 0.12 0.06 
SS 23-46cm 0.34 0.43* -0.12 0.11 0.34 -0.22 0.46* 0.26 -0.22 -0.04 -0.22 
VM 23-46cm -0.16 -0.22 0.59* 0.23 -0.23 -0.04 0.22 0.14 -0.18 -0.09 -0.33 
TS 46-69cm 0.53* 0.59* -0.30 -0.14 0.06 -0.06 -0.22 0.12 -0.09 -0.02 -0.07 
SS 46-69cm 0.46* 0.65* 0.02 0.10 0.16 -0.23 0.03 0.40* -0.10 -0.01 -0.12 
VM46-69cm -0.31 -0.46* 0.42* 0.18 -0.02 -0.21 0.37 0.15 0.09 0.08 0.25 
TS 69-91cm 0.56* 0.49* 0.15 -0.05 -0.24 0.14 -0.18 -0.08 0.18 -0.13 0.13 
SS 69-91cm 0.44* 0.62* 0.35 0.21 -0.08 -0.07 -0.08 0.30 0.11 -0.18 -0.02 
VM 69-91cm -0.22 -0.27 0.14 0.08 0.38 -0.32 0.15 0.39 0.16 -0.13 0.49* 
TS 91-114cm 0.46* 0.46* 0.25 0.06 -0.29 0.06 -0.01 -0.22 0.30 0.06 0.36 
SS 91-114cm 0.33 0.57* 0.50* 0.28 -0.16 -0.06 -0.03 0.11 0.21 -0.09 0.06 
VM 91-114cm -0.31 -0.27 -0.15 0.01 0.40* -0.19 -0.19 0.47* -0.07 -0.13 0.19 
Depth to Compact -0.21 -0.43* 0.48* 0.08 -0.20 -0.04 -0.35 0.18 -0.15 0.16 -0.12 
ECa -0.70* 0.09 -0.11 0.03 0.10 0.37 0.14 0.10 0.13 -0.05 -0.11 
Elevation 0.68* -0.17 0.12 -0.38 -0.26 -0.25 -0.07 0.09 -0.09 0.17 0.05 
Slope -0.33 0.29 0.15 0.47* 0.45* 0.17 -0.21 -0.28 -0.32 -0.08 0.11 
Plan C. 0.21 -0.19 -0.18 -0.49* -0.35 -0.17 0.04 0.19 0.07 -0.49* -0.10 
Profile C. -0.08 0.17 0.25 0.34 0.28 -0.03 0.09 0.16 0.11 0.53* -0.23 
TWI 0.23 -0.13 -0.13 -0.29 -0.14 0.03 0.35 0.18 0.54* 0.36 -0.18 
Streampower -0.38 0.11 -0.17 0.58* 0.16 0.13 0.04 -0.18 0.37 0.04 0.02 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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Table 3.106. Principal component analysis using soil and water variables combined across CPT data sets on the Lewis West field. 
Variables displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 
Carbon 23-46 cm 0.64*† -0.33 0.13 -0.05 0.47* 0.01 -0.14 -0.09 0.31 -0.11 -0.08 
Carbon 46-69 cm 0.75* -0.32 0.07 0.23 0.26 0.19 -0.05 0.02 0.08 -0.24 -0.11 
Carbon 69-91 cm 0.50* -0.10 -0.17 0.23 -0.22 0.49* 0.33 0.26 -0.04 -0.12 0.05 
Carbon 91-114 cm 0.51* -0.30 -0.43* 0.33 -0.18 0.22 -0.26 0.26 -0.04 0.19 0.02 
OM 23-46 cm 0.74* -0.27 0.11 -0.08 0.38 0.00 -0.17 -0.07 0.25 -0.04 -0.09 
OM 46-69 cm 0.73* -0.33 0.07 0.19 0.21 0.22 -0.07 0.01 0.06 -0.23 -0.13 
OM 69-91 cm 0.62* -0.17 -0.26 0.42* -0.18 0.22 0.24 0.09 -0.04 -0.06 0.09 
OM 91-114 cm 0.48* -0.26 -0.47* 0.43* -0.17 0.04 -0.27 0.20 -0.09 0.16 0.08 
EC 23-46 cm -0.75* 0.23 -0.07 0.03 -0.14 0.26 0.34 0.06 -0.19 -0.09 0.12 
EC 46-69 cm -0.68* 0.13 -0.10 -0.27 0.10 0.38 0.00 0.26 0.16 0.00 0.12 
EC 69-91 cm -0.23 0.20 0.17 -0.47* 0.22 0.37 -0.37 0.35 -0.01 0.21 0.11 
EC 91-114 cm -0.07 0.09 0.30 -0.44* 0.30 0.59* 0.00 0.11 -0.07 -0.02 -0.10 
Force 23-46 cm 0.59* -0.07 0.06 -0.23 0.40* -0.15 0.21 -0.26 -0.15 0.10 0.07 
Force 46-69 cm 0.70* -0.15 0.26 -0.18 0.14 0.23 0.33 -0.16 -0.18 0.05 0.11 
Force 69-91 cm 0.75* -0.08 0.24 -0.13 -0.04 0.31 0.26 0.03 -0.18 0.06 0.15 
Force 91-114 cm 0.74* 0.01 0.12 -0.06 -0.11 0.03 -0.09 0.04 -0.30 0.29 0.21 
Variation Exp. 0.2604 0.3647 0.4404 0.5145 0.5791 0.6321 0.6814 0.7254 0.7625 0.7954 0.8232 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 
 Table 3.107. Regression model coefficients 
using derived PC variables for the Lewis 
West field.† 
Terms Coefficients Significance
Intercept -0.075 0.2283 
PC1 -0.413 <0.0001 
PC2 -0.021 0.6175 
PC3 -0.145 0.0011 
PC4 0.120 0.0005 
PC5 -0.146 <0.0001 
PC6 -0.069 0.0421 
PC7 -0.034 0.3909 
PC8 -0.076 0.0320 
PC9 0.174 <0.0001 
PC10 -0.172 <0.0001 
PC11 -0.011 0.7542 
sprprec x depth -0.001 0.1016 
sumprec x depth 0.001 0.0144 
CPTdummy06 0.075 0.3918 
Corndummy -0.011 0.9068 
Corn x CPT06 0.059 0.6670 
Variation Exp.‡  0.31 
† Models were constructed using standardized 
CPT data and crop yield across years. 
‡ Denotes model R2 value.  
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Table 3.108. Principal component analysis using soil and water variables on the Lewis East field in 2005. Variables 
displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
TS 23-46cm 0.64*† 0.47* -0.05 -0.02 -0.26 -0.24 -0.23 0.07 -0.11 0.07 
SS 23-46cm 0.37 0.52** 0.31 -0.01 0.10 -0.11 -0.51* 0.19 0.11 0.19 
VM 23-46cm -0.33 -0.11 0.59* 0.06 0.18 0.27 -0.26 0.15 0.19 0.30 
TS 46-69cm 0.60* 0.50* -0.12 -0.01 -0.16 -0.29 -0.11 0.25 -0.06 -0.06 
SS 46-69cm 0.46* 0.71* 0.12 -0.03 -0.02 -0.15 0.15 0.23 0.21 0.05 
VM46-69cm -0.47* -0.15 0.46* 0.03 -0.01 0.30 0.21 -0.11 0.17 0.35 
TS 69-91cm 0.65* 0.57* -0.06 -0.07 -0.11 0.01 0.11 0.07 -0.08 0.08 
SS 69-91cm 0.40* 0.63* 0.11 -0.18 -0.12 0.00 0.43* -0.02 0.02 0.12 
VM 69-91cm -0.48* 0.04 0.32 0.23 -0.17 -0.13 0.41* -0.01 0.26 0.32 
TS 91-114cm 0.33 0.64* 0.06 -0.37 0.04 0.34 0.20 -0.25 -0.05 0.06 
SS 91-114cm 0.31 0.63* -0.03 -0.38 0.01 0.31 0.25 -0.26 -0.05 0.01 
VM 91-114cm -0.20 0.00 0.05 0.48* -0.33 -0.46* 0.23 0.18 0.18 0.07 
Depth to Compact -0.33 -0.49* 0.19 0.14 0.23 0.20 0.36 -0.03 -0.05 -0.29 
ECa -0.56* 0.47* 0.00 0.14 0.25 0.14 0.15 0.10 -0.32 0.00 
Elevation 0.02 0.20 -0.40* 0.05 0.51* -0.32 0.02 -0.49* 0.27 -0.02 
Slope -0.21 0.07 -0.80* -0.07 0.02 0.30 0.05 0.27 0.28 0.08 
Plan C. 0.06 0.17 0.48* -0.04 0.36 -0.56* 0.05 -0.36 -0.23 0.01 
Profile C. 0.16 0.11 0.22 -0.14 -0.14 0.06 -0.34 -0.34 0.63* -0.32 
TWI 0.16 -0.08 0.62* -0.15 -0.49* 0.09 -0.15 -0.08 -0.21 -0.27 
Streampower -0.58* 0.14 -0.17 -0.31 -0.07 0.22 -0.20 0.24 -0.02 -0.03 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
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Table 3.109. Principal component analysis using soil and water variables on the Lewis East field in 2005. Variables 
displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
Carbon 23-46 cm 0.87*† -0.17 -0.09 0.23 -0.21 0.11 0.10 -0.14 -0.01 0.08 
Carbon 46-69 cm 0.84* -0.37 0.00 0.17 0.04 0.08 0.01 0.03 -0.08 0.09 
Carbon 69-91 cm 0.80* -0.18 -0.03 -0.01 0.39 0.03 -0.07 0.03 -0.02 0.22 
Carbon 91-114 cm 0.58* -0.15 0.22 -0.23 0.38 -0.13 0.30 0.37 0.14 -0.28 
OM 23-46 cm 0.87* -0.16 -0.08 0.23 -0.20 0.12 0.10 -0.13 -0.01 0.08 
OM 46-69 cm 0.84* -0.36 0.01 0.19 0.04 0.09 0.01 0.03 -0.08 0.09 
OM 69-91 cm 0.81* -0.15 -0.03 0.05 0.40* 0.05 -0.08 0.04 -0.04 0.21 
OM 91-114 cm 0.70* -0.10 0.19 -0.16 0.33 -0.05 0.24 0.34 0.12 -0.24 
EC 23-46 cm -0.68* 0.36 0.23 0.07 0.41* 0.01 -0.15 0.21 0.00 -0.02 
EC 46-69 cm -0.55* 0.56* 0.17 0.38 0.17 0.22 -0.07 0.02 0.01 -0.05 
EC 69-91 cm -0.23 0.54* 0.12 0.63* -0.01 0.24 0.04 0.10 -0.09 -0.24 
EC 91-114 cm -0.02 0.53* -0.26 0.65* 0.10 0.06 -0.02 -0.18 0.04 -0.17 
Force 23-46 cm 0.83* -0.10 0.04 0.29 -0.06 0.09 0.01 0.00 0.04 -0.02 
Force 46-69 cm 0.85* -0.12 0.05 0.24 0.13 0.17 -0.18 0.00 -0.01 -0.01 
Force 69-91 cm 0.70* 0.13 0.10 0.13 0.16 0.28 -0.22 -0.12 -0.05 -0.07 
Force 91-114 cm 0.74* 0.05 0.25 0.02 -0.11 0.16 0.20 0.09 0.23 -0.15 
Variation Exp. 0.3244 0.4593 0.5341 0.5944 0.6497 0.6975 0.7430 0.7817 0.8127 0.8415 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.   
 
 
 Table 3.110. Regression model coefficients using derived PC variables for the Lewis East field in 
2005.† 
 Soybean 05 Corn 06 Soybean 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.018 0.8475 0.000 0.9999 -0.018 0.8484 
PC1 -0.512 <0.0001 -0.233 0.0324 -0.561 <0.0001 
PC2 -0.452 <0.0001 -0.522 <0.0001 -0.413 <0.0001 
PC3 0.147 0.1222 -0.166 0.1216 0.033 0.7218 
PC4 -0.129 0.1920 -0.048 0.6533 -0.144 0.1499 
PC5 -0.263 0.0078 -0.010 0.9219 -0.268 0.0070 
PC6 -0.031 0.7430 -0.166 0.1236 -0.107 0.2563 
PC7 -0.058 0.5436 -0.291 0.0084 -0.037 0.6978 
PC8 0.063 0.4998 -0.149 0.1642 0.051 0.5885 
PC9 -0.141 0.1365 0.108 0.3113 -0.038 0.6873 
PC10 0.165 0.0836 -0.091 0.3903 0.168 0.0794 
Var. Exp.‡  0.62  0.51  0.62 
 Corn 08 Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept 0.000 0.9999 0.000 0.9999   
PC1 -0.011 0.9259 0.128 0.2558   
PC2 -0.547 <0.0001 0.046 0.6834   
PC3 -0.129 0.2661 -0.345 0.0034   
PC4 -0.112 0.3335 0.007 0.9502   
PC5 0.071 0.5379 0.104 0.3577   
PC6 -0.192 0.1017 -0.257 0.0260   
PC7 -0.180 0.1241 0.477 0.0001   
PC8 -0.112 0.3336 0.006 0.9542   
PC9 0.063 0.5882 -0.022 0.8438   
PC10 -0.016 0.8903 0.104 0.3539   
Var. Exp.  0.42  0.45   
† Models were constructed using standardized crop yield. 
‡ Denotes model R2 value.     
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 Table 3.111. Regression model coefficients 
using derived PC variables for the Lewis 
East field in 2005.† 
Terms Coefficients Significance
Intercept -0.006 0.9305 
PC1 -0.208 0.0009 
PC2 -0.339 <0.0001 
PC3 -0.106 0.0612 
PC4 -0.103 0.0648 
PC5 -0.086 0.1363 
PC6 -0.165 0.0039 
PC7 -0.041 0.5197 
PC8 -0.025 0.6440 
PC9 -0.001 0.9889 
PC10 0.088 0.1422 
Corndummy 0.006 0.9559 
sprprec x depth -0.001 0.1365 
sumprec x depth 0.001 0.0517 
Variation Exp.‡  0.26 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.112. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis East field in 
2005. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 0.57 -0.90 
Corn 2006 0.49 -0.73 
Soybean 2007 0.55 -0.87 
Corn 2008 0.35 -0.52 
Soybean 2009 -0.14 0.21 
 PCA 
Cluster 1 2 
1 28 5 
Percent Correct 84.85 15.15 
2 3 19 
Percent Correct 13.64 86.36 
Error Rate 0.1515 0.1364 
Total Error Rate†  0.1439 
† Combined error rate across both 
clusters. 
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Table 3.113. Principal component analysis using soil and water variables on the Lewis East field in 2006. 
Variables displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
TS 23-46cm 0.68*† -0.48* -0.09 0.05 -0.10 -0.38 0.06 -0.01 -0.11 
SS 23-46cm 0.54* -0.39 -0.12 0.38 0.13 -0.44* 0.08 0.27 -0.05 
VM 23-46cm -0.55* 0.56* 0.06 0.00 0.04 0.23 -0.03 0.19 0.30 
TS 46-69cm 0.55* -0.32 0.15 -0.32 -0.27 0.31 0.24 -0.03 0.00 
SS 46-69cm 0.62* -0.43* 0.16 0.21 0.20 0.02 0.19 0.28 0.01 
VM46-69cm -0.56* 0.35 -0.08 0.30 0.35 -0.04 -0.13 0.25 0.12 
TS 69-91cm 0.34 -0.11 0.35 0.20 -0.63* 0.35 0.14 -0.19 0.02 
SS 69-91cm 0.50* -0.36 0.24 0.48* -0.10 0.18 0.07 0.27 0.16 
VM 69-91cm -0.26 0.08 -0.18 -0.41* 0.69* -0.10 0.21 0.27 0.06 
TS 91-114cm 0.36 0.18 0.06 0.39 0.39 0.28 0.22 -0.43* -0.22 
SS 91-114cm 0.31 -0.02 0.15 0.69* 0.48* 0.22 0.04 -0.05 -0.04 
VM 91-114cm -0.21 -0.07 0.12 -0.47* -0.11 0.28 0.43* 0.39 0.17 
Depth to Compact -0.43* 0.52* 0.16 -0.10 0.26 0.13 -0.25 -0.18 0.17 
ECa -0.69* 0.11 0.45* 0.29 0.04 0.14 -0.03 0.07 0.11 
Elevation -0.45* 0.32 -0.61* 0.09 -0.23 -0.06 0.19 0.21 -0.24 
Slope -0.40* -0.14 -0.37 0.37 -0.22 0.13 -0.11 0.44* 0.13 
Plan C. 0.04 0.40* -0.48* -0.14 -0.02 0.14 0.47* 0.01 -0.32 
Profile C. 0.00 -0.29 0.29 -0.18 0.36 0.65* 0.02 0.19 -0.21 
TWI 0.27 -0.47* 0.46* -0.47* 0.30 -0.12 0.03 -0.19 0.07 
Streampower -0.59* -0.38 0.19 -0.15 -0.01 -0.13 -0.07 -0.11 0.42* 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
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Table 3.114. Principal component analysis using soil and water variables on the Lewis East field in 2006. 
Variables displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 
Carbon 23-46 cm 0.80*† 0.28 0.33 -0.15 0.02 -0.09 -0.23 0.15 -0.13 
Carbon 46-69 cm 0.85* 0.31 -0.05 -0.01 -0.11 0.19 -0.27 0.06 0.02 
Carbon 69-91 cm 0.77* 0.49* -0.22 -0.08 0.02 -0.08 0.12 -0.05 0.15 
Carbon 91-114 cm 0.74* -0.05 -0.39 0.18 0.06 0.12 0.14 -0.15 0.31 
OM 23-46 cm 0.79* 0.30 0.34 -0.15 0.02 -0.09 -0.22 0.15 -0.13 
OM 46-69 cm 0.85* 0.33 -0.03 0.00 -0.12 0.19 -0.26 0.05 0.02 
OM 69-91 cm 0.76* 0.53* -0.17 -0.07 0.00 -0.07 0.14 -0.06 0.14 
OM 91-114 cm 0.83* 0.06 -0.24 0.12 0.06 0.07 0.15 -0.11 0.28 
EC 23-46 cm -0.75* 0.10 -0.04 0.28 -0.07 -0.11 0.37 -0.28 0.18 
EC 46-69 cm -0.71* 0.17 0.37 0.06 -0.01 -0.32 0.36 -0.06 0.02 
EC 69-91 cm -0.47* 0.34 0.67* 0.22 -0.13 -0.12 0.16 0.10 -0.09 
EC 91-114 cm -0.45* 0.36 0.60* 0.13 -0.21 -0.14 0.11 0.10 -0.21 
Force 23-46 cm 0.77* 0.26 0.32 0.08 0.08 -0.24 -0.09 0.01 -0.02 
Force 46-69 cm 0.83* 0.23 0.15 0.00 -0.15 -0.19 0.02 0.15 0.15 
Force 69-91 cm 0.61* 0.39 0.34 -0.11 -0.07 -0.07 0.37 0.11 0.16 
Force 91-114 cm 0.73* 0.04 0.18 0.04 0.23 -0.09 0.34 0.02 0.00 
Variation Exp. 0.3616 0.4662 0.5595 0.6280 0.6871 0.7364 0.7818 0.8196 0.8490
† Loadings greater than 0.40 receive a "*" to signify influencial loadings.  
 
 
 Table 3.115. Regression model coefficients using derived PC variables for the Lewis East field in 
2006.† 
 Soybean 05 Corn 06 Soybean 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.396 0.0024 -0.329 0.0109 -0.399 0.0006 
PC1 -0.255 0.0433 -0.101 0.4149 -0.358 0.0018 
PC2 -0.286 0.0246 -0.065 0.6004 -0.259 0.0187 
PC3 -0.229 0.0677 -0.357 0.0069 -0.155 0.1454 
PC4 0.083 0.4964 -0.041 0.7368 -0.078 0.4562 
PC5 0.032 0.7932 -0.190 0.1317 0.093 0.3777 
PC6 -0.035 0.7708 -0.058 0.6407 0.090 0.3913 
PC7 -0.255 0.0431 -0.418 0.0020 -0.288 0.0097 
PC8 -0.057 0.6368 -0.229 0.0715 -0.048 0.6465 
PC9 -0.217 0.0828 -0.313 0.0162 -0.247 0.0244 
Var. Exp.‡  0.45  0.56  0.57 
 Corn 08 Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -0.138 0.2852 0.268 0.1765   
PC1 -0.004 0.9736 -0.197 0.3219   
PC2 -0.400 0.0042 0.091 0.6452   
PC3 -0.316 0.0204 -0.062 0.7536   
PC4 -0.306 0.0244 0.015 0.9391   
PC5 -0.077 0.5552 0.025 0.8987   
PC6 -0.033 0.7997 -0.095 0.6302   
PC7 -0.275 0.0409 -0.014 0.9450   
PC8 -0.084 0.5157 -0.036 0.8571   
PC9 -0.307 0.0240 -0.045 0.8189   
Var. Exp.  0.55  0.06   
† Models were constructed using standardized crop yield. 
‡ Denotes model R2 value.    
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 Table 3.116. Regression model coefficients 
using derived PC variables for the Lewis 
East field in 2006.† 
Terms Coefficients Significance
Intercept -0.222 0.0088 
PC1 -0.272 0.0006 
PC2 -0.077 0.3535 
PC3 -0.191 0.0039 
PC4 -0.086 0.1772 
PC5 0.029 0.6675 
PC6 -0.001 0.9936 
PC7 -0.301 <0.0001 
PC8 -0.128 0.0523 
PC9 -0.192 0.0037 
Corndummy -0.076 0.5513 
sprprec x depth -0.001 0.4719 
sumprec x depth -0.001 0.5710 
Variation Exp.‡  0.28 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.117. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis East field in 
2006. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 -1.04 0.57 
Corn 2006 -0.87 0.48 
Soybean 2007 -0.89 0.49 
Corn 2008 -0.51 0.28 
Soybean 2009 0.38 -0.21 
 PCA 
Cluster 1 2 
1 16 3 
Percent Correct 84.21 15.79 
2 4 14 
Percent Correct 22.22 77.78 
Error Rate 0.1579 0.2222 
Total Error Rate†  0.1901 
† Combined error rate across both 
clusters. 
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Table 3.118. Principal component analysis using soil and water variables on the Lewis East field in 2007. Variables displayed include CPT, ECa, 
elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 
TS 23-46cm 0.59*† 0.14 0.51* -0.01 -0.41* -0.11 -0.03 -0.09 0.05 0.10 -0.10 0.01 
SS 23-46cm 0.28 0.15 0.53* 0.32 -0.17 -0.06 -0.08 0.21 0.08 0.15 -0.02 -0.16 
VM 23-46cm -0.41* 0.13 -0.30 0.37 0.35 0.05 -0.10 0.33 -0.07 -0.02 0.07 -0.32 
TS 46-69cm 0.73* 0.11 0.42* 0.11 -0.11 -0.07 0.01 -0.13 0.15 -0.09 0.03 0.21 
SS 46-69cm 0.60* 0.14 0.62* 0.18 -0.17 -0.10 0.06 0.02 0.03 0.11 0.07 -0.01 
VM46-69cm -0.45* 0.12 0.02 0.26 0.09 0.19 0.11 0.35 -0.37 0.25 0.05 -0.48* 
TS 69-91cm 0.42* 0.31 0.63* 0.08 0.27 0.15 -0.03 0.01 0.05 -0.20 0.09 0.15 
SS 69-91cm 0.44* 0.24 0.67* 0.21 0.11 0.09 0.10 -0.04 -0.02 -0.05 0.18 0.11 
VM 69-91cm -0.06 0.05 0.25 0.44* -0.30 -0.01 0.39 -0.08 -0.31 0.28 -0.05 -0.16 
TS 91-114cm 0.26 0.28 0.55* -0.07 0.49* 0.15 -0.04 0.28 0.04 -0.22 0.02 -0.11 
SS 91-114cm 0.27 0.27 0.59* -0.10 0.45* 0.15 0.07 0.29 0.05 -0.20 0.05 -0.04 
VM 91-114cm 0.12 0.20 0.27 0.26 -0.40* -0.02 0.48* -0.22 0.07 0.24 -0.04 -0.03 
Depth to Compact -0.61* -0.14 -0.51* 0.11 0.14 0.01 0.05 0.07 -0.08 0.02 0.11 0.10 
ECa -0.62* 0.24 0.18 -0.16 -0.18 0.18 -0.02 0.38 -0.12 0.15 -0.07 0.12 
Elevation -0.04 0.34 0.10 0.11 0.08 -0.17 -0.62* -0.35 -0.14 0.04 -0.34 -0.05 
Slope -0.13 0.08 0.08 0.28 -0.40* -0.46* -0.36 0.51* 0.03 -0.05 0.01 0.00 
Plan C. -0.01 0.10 0.06 0.22 0.21 0.63* -0.14 -0.35 -0.35 0.21 -0.13 0.23 
Profile C. -0.20 0.01 -0.12 -0.31 0.11 -0.55* 0.11 -0.13 0.42* -0.13 0.16 -0.24 
TWI 0.04 -0.26 0.01 -0.37 0.26 0.17 0.55* -0.11 0.05 0.25 0.34 0.05 
Streampower -0.48* -0.08 0.13 -0.03 -0.44* -0.23 0.03 0.31 0.05 0.16 0.32 0.28 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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Table 3.119. Principal component analysis using soil and water variables on the Lewis East field in 2007. Variables displayed include C, OM, EC, 
and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 
Carbon 23-46 cm 0.85*† 0.09 -0.22 0.00 0.05 -0.11 0.20 0.24 -0.08 0.01 -0.18 0.11 
Carbon 46-69 cm 0.85* 0.05 -0.34 0.16 0.01 0.02 0.09 0.12 -0.05 -0.12 -0.02 0.06 
Carbon 69-91 cm 0.77* 0.14 -0.33 0.31 0.01 -0.05 -0.13 -0.10 -0.02 0.13 0.11 0.04 
Carbon 91-114 cm 0.61* -0.03 -0.09 0.18 -0.10 0.33 -0.35 -0.05 0.11 0.03 0.41* -0.04 
OM 23-46 cm 0.85* 0.10 -0.23 0.00 0.06 -0.11 0.19 0.24 -0.07 0.02 -0.18 0.11 
OM 46-69 cm 0.85* 0.06 -0.34 0.15 0.03 0.01 0.09 0.13 -0.05 -0.10 -0.02 0.07 
OM 69-91 cm 0.77* 0.18 -0.32 0.28 0.02 -0.06 -0.12 -0.09 -0.03 0.13 0.10 0.07 
OM 91-114 cm 0.71* 0.05 -0.12 0.15 -0.06 0.25 -0.30 0.00 0.06 0.09 0.38 -0.07 
EC 23-46 cm -0.74* 0.22 0.10 -0.09 -0.02 0.14 -0.27 -0.17 0.17 0.20 0.21 0.00 
EC 46-69 cm -0.61* 0.42* 0.13 -0.36 0.15 -0.04 -0.08 0.00 0.12 0.40* 0.01 -0.03 
EC 69-91 cm -0.31 0.58* 0.08 -0.50* 0.21 -0.02 0.00 0.15 0.00 0.24 -0.03 0.10 
EC 91-114 cm -0.13 0.64* 0.10 -0.42* 0.12 -0.18 -0.12 0.09 -0.08 0.21 -0.29 0.19 
Force 23-46 cm 0.84* 0.06 -0.21 -0.01 0.04 0.00 0.03 0.27 0.00 0.12 -0.12 0.09 
Force 46-69 cm 0.79* 0.14 -0.31 0.06 0.08 -0.04 -0.06 0.20 -0.01 0.13 0.06 0.19 
Force 69-91 cm 0.61* 0.24 -0.30 -0.10 0.22 -0.19 -0.02 0.00 0.09 0.41* 0.02 0.17 
Force 91-114 cm 0.72* 0.05 -0.13 -0.20 0.27 0.02 -0.05 0.08 0.18 0.29 0.16 -0.06 
Water pH -0.49* 0.54* -0.05 0.07 0.05 -0.34 0.05 -0.14 -0.37 -0.13 0.31 0.12 
Buffer pH -0.34 0.59* -0.05 0.10 0.11 -0.40* 0.04 -0.16 -0.36 -0.11 0.29 0.04 
Phosphorus 0.08 0.74* -0.16 -0.24 -0.27 0.09 0.05 -0.01 -0.20 -0.20 0.03 0.08 
Potassium -0.57* 0.51* -0.08 0.23 0.11 0.02 0.06 -0.01 0.14 -0.03 -0.05 0.13 
Calcium -0.48* 0.66* -0.18 0.36 0.02 -0.15 0.10 -0.08 0.11 -0.05 0.11 0.08 
Magnesium -0.69* 0.17 -0.06 0.53* 0.22 -0.02 0.03 0.00 0.25 0.10 -0.07 0.06 
OM -0.62* -0.22 -0.04 -0.09 -0.22 0.26 0.01 0.17 -0.07 -0.20 0.03 0.37 
Sulfur -0.10 0.30 -0.19 -0.03 -0.35 0.41* -0.02 0.06 0.32 0.03 -0.22 -0.11 
Zinc 0.11 0.68* -0.28 -0.11 -0.21 0.23 0.07 -0.01 -0.03 -0.24 0.08 -0.17 
Manganese -0.10 0.34 -0.15 0.44* 0.22 0.02 0.31 -0.11 0.22 -0.21 -0.18 0.12 
Boron 0.66* 0.45* -0.14 -0.14 0.00 -0.12 0.13 -0.16 -0.03 -0.02 -0.11 -0.35 
Iron 0.34 0.47* -0.20 -0.47* -0.31 0.21 0.10 -0.04 -0.01 -0.13 0.00 -0.17 
Copper -0.07 0.66* -0.24 -0.13 -0.36 0.39 -0.01 0.06 0.20 -0.08 0.11 -0.03 
Sodium -0.73* 0.06 -0.09 0.15 -0.01 0.19 0.10 0.25 0.00 0.00 0.00 0.15 
CEC -0.53* 0.34 -0.15 0.55* 0.10 0.06 0.08 0.01 0.42* 0.09 -0.10 0.03 
Variation Exp. 0.2870 0.3943 0.4803 0.5451 0.5954 0.6415 0.6784 0.7146 0.7448 0.7736 0.8001 0.8249 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 
 Table 3.120. Regression model coefficients using derived PC variables for the Lewis East field in 
2007.† 
 Soybean 05 Corn 06 Soybean 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -0.014 0.8614 -0.015 0.8779 -0.003 0.9648 
PC1 -0.546 <0.0001 -0.386 0.0002 -0.577 <0.0001 
PC2 -0.481 <0.0001 -0.172 0.0840 -0.484 <0.0001 
PC3 0.002 0.9776 -0.143 0.1529 -0.105 0.1601 
PC4 0.045 0.6036 0.165 0.0970 -0.011 0.8926 
PC5 0.004 0.9588 -0.029 0.7735 -0.054 0.4880 
PC6 -0.014 0.8572 -0.035 0.7261 -0.034 0.6410 
PC7 0.177 0.0305 0.015 0.8780 0.087 0.2453 
PC8 -0.045 0.6218 -0.060 0.5426 0.046 0.5873 
PC9 0.029 0.7307 -0.134 0.1804 -0.036 0.6442 
PC10 -0.178 0.0236 -0.150 0.1319 -0.231 0.0018 
PC11 0.069 0.4204 0.007 0.9436 0.090 0.2559 
PC12 -0.023 0.7807 -0.082 0.4093 -0.018 0.8074 
Var. Exp.‡  0.59  0.29  0.64 
 Corn 08 Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -0.027 0.7841 -0.013 0.9054   
PC1 -0.125 0.2099 0.040 0.7079   
PC2 -0.386 0.0002 0.095 0.3738   
PC3 -0.120 0.2300 0.167 0.1190   
PC4 0.006 0.9478 -0.005 0.9591   
PC5 -0.069 0.4901 -0.119 0.2663   
PC6 0.036 0.7170 -0.108 0.3102   
PC7 0.026 0.7883 -0.225 0.0369   
PC8 -0.200 0.0463 -0.015 0.8868   
PC9 -0.090 0.3665 -0.204 0.0580   
PC10 -0.092 0.3537 -0.025 0.8160   
PC11 -0.014 0.8897 -0.069 0.5182   
PC12 0.075 0.4464 0.134 0.2090   
Var. Exp.  0.26  0.18   
† Models were constructed using standardized crop yield.  
‡ Denotes model R2 value.  
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 Table 3.121. Regression model coefficients 
using derived PC variables for the Lewis 
East field in 2007.† 
Terms Coefficients Significance
Intercept -0.005 0.9294 
PC1 -0.338 <0.0001 
PC2 -0.291 <0.0001 
PC3 -0.056 0.3271 
PC4 0.060 0.1845 
PC5 -0.052 0.2529 
PC6 -0.028 0.5193 
PC7 0.011 0.7955 
PC8 -0.034 0.4519 
PC9 -0.102 0.0226 
PC10 -0.132 0.0023 
PC11 0.027 0.5651 
PC12 0.026 0.5569 
Corndummy -0.011 0.9027 
sprprec x depth -0.001 0.0523 
sumprec x depth 0.001 0.1493 
Variation Exp.‡  0.22 
† Models were constructed using standardized 
crop yield across years. 
‡ Denotes model R2 value.  
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 Table 3.122. Discriminant analysis using 
standardized yield data for derived PC 
variables for the Lewis East field in 
2007. 
 Cluster Means 
Cluster 1 2 
Soybean 2005 -1.14 0.47 
Corn 2006 -1.01 0.46 
Soybean 2007 -0.96 0.40 
Corn 2008 -0.66 0.30 
Soybean 2009 0.24 -0.11 
 PCA 
Cluster 1 2 
1 24 4 
Percent Correct 85.71 14.29 
2 10 48 
Percent Correct 17.24 82.76 
Error Rate 0.1429 0.1724 
Total Error Rate†  0.1576 
† Combined error rate across both 
clusters. 
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Table 3.123. Principal component analysis using soil and water variables combined across CPT data sets on the Lewis East 
field. Variables displayed include CPT, ECa, elevation, and topographical derivatives. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
TS 23-46cm 0.61*† 0.45* -0.31 -0.10 -0.16 0.17 -0.11 0.12 -0.06 -0.29 
SS 23-46cm 0.38 0.47* -0.22 0.15 -0.03 0.06 0.17 0.26 0.01 -0.58* 
VM 23-46cm -0.39 -0.22 0.31 0.29 0.18 -0.08 0.39 0.10 0.15 -0.17 
TS 46-69cm 0.67* 0.41* -0.24 -0.11 -0.12 0.12 -0.16 0.03 0.02 0.18 
SS 46-69cm 0.56* 0.61* -0.24 0.02 -0.01 0.13 0.16 0.10 0.09 0.00 
VM46-69cm -0.48* -0.07 0.18 0.30 0.25 0.10 0.55* -0.04 0.15 -0.14 
TS 69-91cm 0.50* 0.61* 0.03 0.05 0.06 -0.13 -0.07 -0.12 -0.09 0.24 
SS 69-91cm 0.46* 0.65* -0.16 0.10 0.14 -0.02 0.14 -0.10 0.03 0.23 
VM 69-91cm -0.23 0.04 -0.23 0.13 0.13 0.60* 0.45* -0.13 0.26 0.02 
TS 91-114cm 0.33 0.58* 0.16 0.14 0.25 -0.42* 0.17 -0.22 0.08 0.02 
SS 91-114cm 0.29 0.62* 0.11 0.08 0.24 -0.41* 0.24 -0.23 0.04 0.07 
VM 91-114cm -0.05 0.13 -0.22 -0.11 -0.05 0.72* 0.13 -0.03 0.16 0.36 
Depth to Compact -0.48* -0.50* 0.28 0.06 0.16 -0.08 0.11 -0.02 0.02 0.25 
ECa -0.63* 0.33 0.27 0.04 -0.04 0.04 0.22 0.10 -0.35 0.11 
Elevation -0.07 0.15 0.18 0.51* -0.46* 0.06 -0.39 -0.22 0.34 -0.10 
Slope -0.19 0.06 -0.13 0.00 -0.77* -0.23 0.41* 0.10 0.01 0.11 
Plan C. 0.04 0.07 0.06 0.62* 0.40* 0.32 -0.35 -0.13 -0.21 -0.04 
Profile C. -0.12 0.00 0.05 -0.50* 0.03 -0.22 -0.11 0.12 0.67* 0.04 
TWI 0.10 -0.02 -0.08 -0.51* 0.70* 0.10 -0.10 0.20 -0.06 -0.06 
Streampower -0.54* 0.09 -0.22 -0.23 -0.21 -0.05 0.23 0.39 -0.27 0.09 
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
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Table 3.124. Principal component analysis using soil and water variables combined across CPT data sets on the Lewis East 
field. Variables displayed include C, OM, EC, and Force as measured using the soil spectrophotometer. 
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 
Carbon 23-46 cm 0.86*† -0.14 0.22 -0.23 -0.06 0.11 0.16 -0.20 -0.09 -0.06 
Carbon 46-69 cm 0.87* -0.31 0.12 0.00 -0.05 0.01 0.11 -0.10 -0.07 0.06 
Carbon 69-91 cm 0.80* -0.26 0.14 0.27 -0.12 0.06 0.01 0.16 0.07 0.04 
Carbon 91-114 cm 0.64* -0.11 -0.18 0.38 0.11 -0.14 -0.01 0.39 0.02 0.25 
OM 23-46 cm 0.86* -0.14 0.23 -0.23 -0.06 0.11 0.16 -0.19 -0.09 -0.06 
OM 46-69 cm 0.87* -0.31 0.14 0.00 -0.05 0.01 0.11 -0.09 -0.07 0.07 
OM 69-91 cm 0.80* -0.23 0.19 0.26 -0.13 0.07 0.01 0.16 0.06 0.05 
OM 91-114 cm 0.74* -0.09 -0.07 0.31 0.09 -0.10 0.04 0.37 0.00 0.20 
EC 23-46 cm -0.72* 0.24 0.16 0.28 0.02 0.00 -0.14 0.38 0.03 0.07 
EC 46-69 cm -0.62* 0.40* 0.49* -0.03 0.01 0.16 -0.06 0.26 0.05 -0.03 
EC 69-91 cm -0.31 0.44* 0.69* -0.19 0.00 0.15 0.00 0.10 -0.09 0.08 
EC 91-114 cm -0.14 0.44* 0.67* -0.14 -0.29 0.20 -0.12 -0.08 -0.03 0.02 
Force 23-46 cm 0.83* -0.10 0.25 -0.12 -0.03 0.08 0.14 0.00 -0.12 -0.11 
Force 46-69 cm 0.84* -0.15 0.28 -0.03 -0.08 0.05 0.06 0.14 -0.07 -0.08 
Force 69-91 cm 0.66* 0.00 0.45* -0.09 0.00 0.10 -0.09 0.24 0.12 -0.03 
Force 91-114 cm 0.73* 0.05 0.22 -0.11 0.22 -0.04 0.00 0.22 0.22 0.04 
Variation Exp. 0.3315 0.4421 0.5151 0.5750 0.6312 0.6789 0.7237 0.7607 0.7914 0.8196
† Loadings greater than 0.40 receive a "*" to signify influencial loadings. 
 
 
 Table 3.125. Regression model coefficients 
using derived PC variables for the Lewis 
East field.† 
Terms Coefficients Significance
Intercept -0.007 0.9076 
PC1 -0.268 <0.0001 
PC2 -0.233 <0.0001 
PC3 -0.231 <0.0001 
PC4 -0.016 0.5957 
PC5 -0.025 0.4264 
PC6 -0.063 0.0394 
PC7 -0.045 0.1567 
PC8 -0.113 0.0002 
PC9 -0.074 0.0163 
PC10 -0.063 0.0525 
sprprec x depth -0.001 0.0243 
sumprec x depth 0.001 0.0349 
CPTdummy05 -0.031 0.7303 
CPTdummy06 -0.095 0.3576 
Corndummy -0.103 0.2423 
Corn x CPT05 0.139 0.3220 
Corn x CPT06 0.135 0.3998 
Variation Exp.‡  0.22 
† Models were constructed using standardized 
CPT data and crop yield across years. 
‡ Denotes model R2 value.  
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Table 3.126. Logistic regression model coefficients using derived PC variables for the Cedar West field.† 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -4.573 0.0127 -3.034 0.0020 -1.864 0.0166 -1.317 0.0105 
PC1 -2.351 0.0762 -0.985 0.1376 - - - - 
PC2 - - - - -1.246 0.0619 -0.3965 0.2550 
PC3 - - - - - - - - 
PC4 - - 1.145 0.1274 - - - - 
PC5 - - -0.998 0.1003 -0.793 0.1241 -1.337 0.0052 
PC6 - - - - 1.319 0.0292 0.595 0.1386- 
PC7 - - - - - - -0.364 0.3116- 
PC8 - - - - -1.163 0.0458 -0.629 0.1214- 
PC9 - - - - - - - - 
PC10 - - - - - - -0.820 0.0415 
Corndummy - - - - - - -2.635 0.0107 
Soydummy - - - - - - -1.556 0.0449 
Springprecip - - - - - - 0.003 0.2197 
Variation Exp.‡  0.40  0.39  0.51  0.45 
 CPT 2008 
Intercept - - -3.684 0.0003 -0.258 0.3448 -0.285 0.3485 
PC1 - - -1.690 0.0217 - - - - 
PC2 - - - - - - - - 
PC3 - - - - - - - - 
PC4 - - - - -0.392 0.1581 -0.763 0.0119 
PC5 - - - - - - - - 
PC6 - - -1.016 0.1210 - - - - 
PC7 - - - - 0.410 0.1455 - - 
Corndummy - - - - - - -3.986 0.0002 
Soydummy - - - - - - -2.273 <0.0001 
Springprecip - - - - - - 0.003 0.0365 
Variation Exp.    0.38  0.09  0.40 
† Models were constructed using crop yield coded as meeting bond release standards.   
‡ Denotes model R2 value.   
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Table 3.127. Classification of observations using logistic discrimination for the Cedar West field. 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 33 0 30 1 21 4 88 1 
Percent Correct 100 0 96.77 3.23 84 16 98.88 1.12 
Pass 1 1 3 1 2 8 9 7 
Percent Correct 50 50 75 25 20 80 56.25 43.75 
 CPT 2008 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 53 1 26 7 137 8 
Percent Correct - - 98.15 1.85 78.79 21.21 94.48 5.52 
Pass - - 4 1 13 13 21 11 
Percent Correct - - 80 20 50 50 65.63 34.38 
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Table 3.128. Logistic regression model coefficients using standardized variables for the Cedar West field in 2006.† 
 Corn 06 Soybean 07 Wheat 08 Combined 
Variable Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept -2.826 <0.0001 -4.868 0.0078 -2.092 0.0095 -5.376 0.0269 
TS 46-69 cm - - - - - - 4.136 0.0143 
SS 46-69 cm - - - - - - -2.670 0.0575 
VM46-69 cm - - - - - - 4.245 0.0380 
SS 69-91 cm - - -2.815 0.0334 - - -4.927 0.0167 
TS 91-114 cm - - - - -1.99 0.0380 - - 
Slope - - - - 1.603 0.0143 2.219 0.0254 
Plan C. - - - - - - 5.225 0.0203 
Profile C. -0.979 0.0449 -3.002 0.0264 - - -2.225 0.1110 
Streampower - - - - - - 5.659 0.0180 
Carbon 23-46 cm - - - - - - -3.241 0.0261 
EC 46-69 cm - - - - -0.912 0.1485 - - 
EC 69-91 cm - - - - - - -2.288 0.1108 
Corndummy - - - - - - -3.717 0.0058 
Soydummy - - - - - - -2.265 0.0230 
Variation Exp.‡  0.21  0.64  0.51  0.69 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
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Table 3.129. Classification of observations using logistic discrimination for the Cedar West field. 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 45 0 42 0 25 3 92 4 
Percent Correct 100 0 100 0 89.29 10.71 95.83 4.17 
Pass 3 1 2 4 11 9 6 12 
Percent Correct 75 25 33.33 66.67 55 45 33.33 66.67 
 CPT 2008 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 53 1 28 5 136 9 
Percent Correct - - 98.15 1.85 84.85 15.15 93.79 6.21 
Pass - - 2 3 5 21 23 9 
Percent Correct - - 40 60 19.23 80.77 71.88 28.13 
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Table 3.130. Logistic regression model coefficients using standardized variables for the Cedar West field in 2008.† 
 Corn 06 Soybean 07 Wheat 08 Combined 
Variable Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -6.291 0.0076 - - -0.246 0.3837 
SS 91-114 cm - - -4.969 0.0481 - - - - 
ECa - - - - 0.6339 0.1216 - - 
Slope - - - - 0.907 0.0220 0.445 0.0733 
Plan C. - - -1.317 0.1240 1.419 0.0029 - - 
Streampower - - - - 0.911 0.0402 - - 
Carbon 23-46 cm - - - - 0.970 0.0392 0.593 0.0122 
EC 23-46 cm - - -1.134 0.0602 - - - - 
EC 91-114 cm - - - - - - -0.354 0.1439 
Force 23-46 cm - - - - -1.577 0.0036 - - 
Force 46-69 cm - - - - 1.124 0.0324 - - 
Force 91-114 cm - - - - -0.715 0.0887 - - 
Corndummy - - - - - - -4.200 0.0001 
Soydummy - - - - - - -2.431 <0.0001 
Variation Exp.‡    0.61  0.46  0.43 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
 
 Table 3.131. Logistic regression model coefficients 
using derived PC and standardized variables for 
the Cedar West field.† 
 PC Variables 
Terms Coefficients Significance
Intercept -0.295 0.1587 
PC1 -0.402 0.0151 
PC2 - - 
PC3 - - 
PC4 - - 
PC5 - - 
PC6 0.455 0.0097 
PC7 - - 
PC8 0.371 0.0262 
PC9 0.359 0.0325 
Sumprecip - - 
Sprprecip - - 
CPT06dummy - - 
Corndummy -4.058 0.0001 
Soydummy -2.103 <0.0001 
CPT06xcorn dummy 1.690 0.1432 
CPT06xsoy dummy - - 
Variation Exp.‡  0.37 
 Std. Variables 
Intercept -0.386 0.0926 
TS69-91 cm -0.339 0.1100 
Slope 0.645 0.0016 
Plan 0.498 0.0129 
Stream 0.752 0.0023 
Carbon 23-46 cm 0.366 0.0812 
EC 91-114 cm -0.801 0.0017 
Force 23-46 cm -0.788 0.0021 
Force 46-69 cm 0.829 0.0009 
Force 91-114 cm -0.414 0.0410 
Corndummy -4.463 <0.0001 
Soydummy -2.384 <0.0001 
CPT06xcorn dummy 1.845 0.1181 
Variation Exp.  0.46 
† Models were constructed using crop yield coded 
as meeting bond release standards. 
‡ Denotes model R2 value. 
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 Table 3.132. Classification of observations using logistic 
discrimination combined across CPT data sets for the Cedar 
West field. 
PC Variables Std. Variables  
Fail Pass Fail Pass Cluster 
239 17 248 14 Fail 
93.36 6.64 94.66 5.34 Percent Correct 
48 14 31 31 Pass 
77.42 22.58 50 50 Percent Correct 
 
498 
  
499
Table 3.133. Logistic regression model coefficients using derived PC variables for the Cedar East field.† 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -5.884 0.0054 0.546 0.0561 -1.416 <0.0001 
PC1 - - - - - - - - 
PC2 - - -2.626 0.1009 - - - - 
PC3 - - - - 1.086 0.0008 0.404 0.0184 
PC4 - - - - -0.700 0.0183 -0.238 0.1509 
PC5 - - - - - - - - 
PC6 - - 1.391 0.1317 - - - - 
PC7 - - - - 0.501 0.0841 - - 
PC8 - - - - -0.673 0.0296 - - 
PC9 - - - - - - - - 
Corndummy - - - - - - - - 
Soydummy - - - - - - - - 
Springprecip - - - - - - - - 
Variation Exp.‡    0.32  0.38  0.05 
 CPT 2008 
Intercept - - -4.719 0.0010 0.692 0.0662 -1.467 <0.0001 
PC1 - - - - - - - - 
PC2 - - - - 1.214 0.0064 0.318 0.0819 
PC3 - - - - 0.642 0.1235 - - 
PC4 - - -1.215 0.1079 - - - - 
PC5 - - 1.134 0.1441 -1.357 0.0013 -0.297 0.1164 
PC6 - - - - 0.828 0.0308 0.259 0.1671 
PC7 - - - - -1.684 0.0042 -0.311 0.0735 
PC8 - - - - - - - - 
PC9 - - - - 0.874 0.0332 - - 
Corndummy - - - - - - - - 
Soydummy - - - - - - - - 
Springprecip - - - - - - - - 
Variation Exp.    0.27  0.58  0.08 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
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Table 3.134. Classification of observations using logistic discrimination for the Cedar East field. 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 76 0 21 11 186 0 
Percent Correct - - 100 0 65.63 34.38 100 0 
Pass - - 2 0 8 38 48 0 
Percent Correct - - 100 0 17.39 82.61 100 0 
 CPT 2008 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 67 0 22 7 165 0 
Percent Correct - - 100 0 75.86 24.14 100 0 
Pass - - 2 0 7 33 42 0 
Percent Correct - - 100 0 17.50 82.50 100 0 
 CPT 2011 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 49 1 13 6 118 2 
Percent Correct - - 98 2 68.42 31.58 98.33 1.67 
Pass - - 1 0 4 28 32 1 
Percent Correct - - 100 0 12.50 87.50 96.97 3.03 
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Table 3.135. Logistic regression model coefficients using standardized variables for the Cedar East field in 2006.† 
 Corn 06 Soybean 07 Wheat 08 Combined 
Variable Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -4.378 0.0003 0.830 0.0194 -1.344 <0.0001 
TS 23-46 cm - - -2.382 0.1068 - - - - 
VM46-69 cm - - - - -0.568 0.1173 - - 
TS 91-114 cm - - - - -0.905 0.0322 - - 
Elevation - - - - -1.695 0.0016 - - 
Slope - - - - - - 0.274 0.1544 
Plan C. - - - - 0.735 0.0773 - - 
TWI - - - - -1.233 0.0081 - - 
Carbon 23-46 cm - - - - 1.208 0.0096 - - 
Carbon 46-69 cm - - - - - - 0.344 0.0378 
EC 23-46 cm - - - - 0.886 0.0319 - - 
EC 69-91 cm - - - - - - - - 
Variation Exp.‡    0.17  0.53  0.06 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
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Table 3.136. Classification of observations using logistic discrimination for the Cedar East field. 
 CPT 2006 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 80 0 25 7 195 0 
Percent Correct - - 100 0 78.13 21.88 100 0 
Pass - - 3 0 9 37 54 0 
Percent Correct - - 100 0 19.57 80.43 100 0 
 CPT 2008 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 73 0 24 5 163 2 
Percent Correct - - 100 0 82.76 17.24 98.79 1.21 
Pass - - 2 0 5 35 41 1 
Percent Correct - - 100 0 12.50 87.50 97.62 2.38 
 CPT 2011 
 Corn 06 Soybean 07 Wheat 08 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 58 0 17 3 118 5 
Percent Correct - - 100 0 85 15 95.93 4.07 
Pass - - 1 0 1 31 29 4 
Percent Correct - - 100 0 3.13 96.88 87.88 12.12 
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Table 3.137. Logistic regression model coefficients using standardized variables for the Cedar East field in 2008.† 
 Corn 06 Soybean 07 Wheat 08 Combined 
Variable Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -4.602 0.0004 1.613 0.0089 -1.476 <0.0001 
Elevation - - - - -2.488 0.0063 -0.357 0.0826 
Slope - - - - 3.024 0.0033 0.300 0.1217 
Profile C. - - - - -2.800 0.0007 -0.539 0.0074 
Streampower - - - - -2.088 0.0480 - - 
TWI - - 1.101 0.0727 - - - - 
Carbon 23-46 cm - - - - 1.267 0.0406 - - 
EC 69-91 cm - - - - 5.046 0.0160 - - 
EC 91-114 cm - - - - -5.371 0.0123 - - 
Force 46-69 cm - - 0.783 0.1698 - - - - 
Variation Exp.‡    0.27  0.78  0.11 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
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Table 3.138. Logistic regression model coefficients using derived PC variables for the Cedar East field.† 
 CPT 2011 
 Corn 06 Soybean 07 Wheat 08 Combined 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -12.860 0.1740 1.006 0.0216 -1.393 <0.0001 
PC1 - - - - - - - - 
PC2 - - - - - - - - 
PC3 - - - - 1.806 0.0016 0.516 0.0141 
PC4 - - - - - - - - 
PC5 - - - - 0.583 0.1338 - - 
PC6 - - - - - - - - 
PC7 - - -6.794 0.2113 - - - - 
PC8 - - - - -1.277 0.0043 -0.359 0.0991 
PC9 - - - - - - - - 
Corndummy - - - - - - - - 
Soydummy - - - - - - - - 
Springprecip - - - - - - - - 
Variation Exp.‡    0.61  0.54  0.09 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
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Table 3.139. Logistic regression model coefficients using standardized variables for the Cedar East field in 2011.† 
 Corn 06 Soybean 07 Wheat 08 Combined 
Variable Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - -6.565 0.0509 1.865 0.0137 -1.406 <0.0001 
TS 23-46 cm - - - - -4.165 0.0058 -0.431 0.0992 
SS 23-46 cm - - -2.739 0.2144   - - 
TS 69-91 cm - - - - 1.472 0.0178 - - 
Depth to Compact - - - - -1.146 0.1303 - - 
Elevation - - - - -4.001 0.0049 -0.627 0.0044 
TWI - - - - -2.842 0.0056 -0.638 0.0126 
Carbon 23-46 cm - - - - 2.058 0.0296 - - 
Variation Exp.‡    0.32  0.82  0.13 
† Models were constructed using crop yield coded as meeting bond release standards.    
‡ Denotes model R2 value.    
 
 Table 3.140. Logistic regression model coefficients 
using derived PC and standardized variables for 
the Cedar East field.† 
 PC Variables 
Terms Coefficients Significance
Intercept -1.455 <0.0001 
PC1 - - 
PC2 - - 
PC3 0.421 <0.0001 
PC4 - - 
PC5 0.232 0.0350 
PC6 0.264 0.0154 
PC7 0.283 0.0063 
PC8 - - 
Sumprecip - - 
Sprprecip - - 
CPT06dummy - - 
CPT08dummy - - 
Corndummy - - 
Soydummy - - 
CPT06xcorn dummy - - 
CPT06xsoy dummy - - 
CPT08xcorn dummy - - 
CPT08xsoy dummy - - 
Variation Exp.‡  0.08 
 Std. Variables 
Intercept -1.455 <0.0001 
Elevation -0.589 <0.0001 
Profile C. -0.269 0.0204 
TWI -0.402 0.0050 
Carbon 46-69 cm 0.336 0.0144 
Carbon 69-91 cm -0.286 0.0363 
Sumprecip - - 
Sprprecip - - 
CPT06dummy - - 
CPT08dummy - - 
Corndummy - - 
Soydummy - - 
CPT06xcorn dummy - - 
CPT06xsoy dummy - - 
CPT08xcorn dummy - - 
CPT08xsoy dummy - - 
Variation Exp  0.11 
† Models were constructed using crop yield coded 
as meeting bond release standards. 
‡ Denotes model R2 value. 
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 Table 3.141. Classification of observations using logistic 
discrimination combined across CPT data sets for the Cedar 
East field. 
PC Variables Std. Variables  
Fail Pass Fail Pass Cluster 
474 0 471 4 Fail 
100 0 99.16 0.84 Percent Correct 
123 0 123 2 Pass 
100 0 98.40 1.60 Percent Correct 
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 Table 3.142. Logistic regression model coefficients using derived PC variables for the Lewis West 
field in 2006.† 
Soybean 05 Corn 06  Soybean 07 
Coefficients SignificanceTerms Coefficients Significance Coefficients Significance
2.878 0.0012 Intercept 0.437 0.1580 -1.552 0.0438 
-3.365 0.0004 PC1 -0.793 0.0186 -3.363 0.0023 
1.316 0.0458 PC2 - - - - 
- - PC3 - - - - 
- - PC4 - - 1.014 0.0655 
- - PC5 -0.577 0.1005 -1.194 0.0661 
- - PC6 -0.567 0.0779 -1.674 0.0253 
- - PC7 - - - - 
- - PC8 - - -1.778 0.0132 
- - PC9 - - - - 
-1.458 0.0069 PC10 -0.801 0.0376 -2.468 0.0171 
 0.67 Var. Exp.‡  0.36  0.78 
Corn 08  Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -0.959 0.0202 - -   
PC1 -1.501 0.0013 - -   
PC2 - - - -   
PC3 -0.546 0.1361 - -   
PC4 0.723 0.0448 - -   
PC5 - - - -   
PC6 -0.725 0.0696 - -   
PC7 - - - -   
PC8 - - - -   
PC9 - - - -   
PC10 -1.508 0.0073 - -   
Var. Exp.  0.52     
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.143. Classification of observations using logistic discrimination for the Lewis West field. 
 CPT 2006 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 13 4 17 9 33 3 32 7 - - 155 24 
Percent Correct 76.47 23.53 65.38 34.62 91.67 8.33 82.05 17.95 - - 86.59 13.41 
Pass 5 40 7 29 1 25 6 17 - - 38 93 
Percent Correct 11.11 88.89 19.44 80.56 3.85 96.15 26.09 73.91 - - 29.01 70.99 
 CPT 2007 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 11 6 17 9 30 7 33 6 - - 149 31 
Percent Correct 64.71 35.29 65.38 34.62 81.08 18.92 84.62 15.38 - - 82.78 17.22 
Pass 5 40 6 30 5 20 6 17 - - 31 99 
Percent Correct 11.11 88.89 16.67 83.33 20 80 26.09 73.91 - - 23.85 76.15 
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Table 3.144. Logistic regression model coefficients using standardized variables for the Lewis West field in 2006.† 
 Soybean 05 Corn 06 Soybean 07 Corn 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 4.357 0.0018 0.623 0.1149 -0.575 0.1985 -0.668 0.0385 
TS 23-46 cm - - -1.639 0.0049 -0.802 0.0563 - - 
VM 46-69 cm - - -1.072 0.0302 - - - - 
TS 91-114 cm - - -1.909 0.0038 - - - - 
VM 91-114 cm - - -1.536 0.0231 - - - - 
Profile C. 7.759 0.0344 - - - - - - 
TWI -2.871 0.0060 - - - - - - 
EC 23-46 cm - - - - 0.815 0.0813   
EC 46-69 cm 2.017 0.0064 - - - - - - 
EC 69-91 cm - - -0.682 0.0638 -1.576 0.0060 - - 
Force 23-46 cm -1.267 0.0138 -1.316 0.0042 - - - - 
Force 69-91 cm - - - - -2.429 0.0020 -1.543 0.0006 
Variation Exp.‡  0.73  0.62  0.69  0.36 
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.145. Classification of observations using logistic discrimination for the Lewis West field. 
 CPT 2006 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 15 2 22 7 33 4 35 7 - - 164 24 
Percent Correct 88.24 11.76 75.86 24.14 89.19 10.81 83.33 16.67 - - 87.23 12.77 
Pass 2 50 4 36 4 28 8 19 - - 22 120 
Percent Correct 3.85 96.15 10 90 12.50 87.50 29.63 70.37 - - 15.49 84.51 
 CPT 2007 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 8 9 22 4 33 4 36 3 - - 158 22 
Percent Correct 47.06 52.94 84.62 15.38 89.19 10.81 92.31 7.69 - - 87.78 12.22 
Pass 3 42 3 33 3 22 6 17 - - 17 113 
Percent Correct 6.67 93.33 8.33 91.67 12 88 26.09 73.91 - - 13.08 86.92 
 
 Table 3.146. Logistic regression model 
coefficients using derived PC variables for 
the Lewis West field.† 
 CPT 06 
Terms Coefficients Significance
Intercept 1.459 <0.0001 
PC1 -1.348 <0.0001 
PC2 - - 
PC3 - - 
PC4 0.298 0.0617 
PC5 -0.586 0.0011 
PC6 -0.513 0.0024 
PC7 - - 
PC8 - - 
PC9 - - 
PC10 -0.892 <0.0001 
Corndummy 0.770 0.0203 
Year -1.214 <0.0001 
Springprecip - - 
Variation Exp.‡  0.60 
 CPT 07 
Intercept 1.361 <0.0001 
PC1 -1.221 <0.0001 
PC2 - - 
PC3 - - 
PC4 -0.741 <0.0001 
PC5 - - 
PC6 -0.348 0.0318 
PC7 -0.542 0.0011 
PC8 - - 
PC9 0.441 0.0085 
PC10 0.330 0.0425 
PC11 - - 
PC12 - - 
PC13 - - 
Corndummy 0.797 0.0139 
Year -1.166 <0.0001 
Springprecip - - 
Variation Exp.  0.57 
† Models were constructed using combined 
crop yield coded as meeting bond release 
standards. 
‡ Denotes model R2 value. 
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 Table 3.147. Logistic regression model 
coefficients using standardized variables for 
the Lewis West field.† 
 CPT 06 
Terms Coefficients Significance
2.131 <0.0001 Intercept 
-0.363 0.0885 SS 46-69cm 
1.515 0.0005 TS 69-91 cm 
1.242 0.0002 VM 69-91 cm 
-2.557 <0.0001 TS 91-114 cm 
-1.606 <0.0001 VM 91-114 cm 
-0.542 0.0625 ECa 
-1.045 0.0094 Elevation 
-1.299 <0.0001 Profile C. 
-1.131 0.0002 TWI 
0.662 0.0512 Streampower 
-1.152 0.0001 Force 23-46 cm 
-0.655 0.0124 Force 69-91 cm 
0.994 0.0086 Corndummy 
-1.562 <0.0001 Year 
- - Springprecip 
 0.70 Variation Exp.‡ 
 CPT 07 
1.900 <0.0001 Intercept 
-0.262 0.2762 VM 23-46 cm 
-1.868 <0.0001 TS 46-69 cm 
0.556 0.1064 TS 69-91 cm 
-1.418 0.0008 Buffer pH 
-1.237 <0.0001 Potassium 
2.365 <0.0001 Calcium 
-1.097 <0.0001 Sulfur 
-0.533 0.0242 Zinc 
-0.863 0.0038 Copper 
3.204 <0.0001 Carbon 23-46 cm 
-1.101 0.0038 Carbon 46-69 cm 
2.166 <0.0001 EC 23-46 cm 
-0.791 0.0422 EC 46-69 cm 
-4.203 <0.0001 Force 23-46 cm 
1.132 0.0044 Corndummy 
-1.738 <0.0001 Year 
 0.73 Variation Exp. 
† Models were constructed using combined 
crop yield coded as meeting bond release 
standards. 
‡ Denotes model R2 value. 
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 Table 3.148. Logistic regression model coefficients using derived PC variables for the Lewis West 
field in 2007.† 
Soybean 05 Corn 06  Soybean 07 
Coefficients SignificanceTerms Coefficients Significance Coefficients Significance
1.689 0.0006 Intercept 0.4672 0.1297 -1.330 0.0243 
-1.429 0.0035 PC1 -0.605 0.0541 -2.732 0.0005 
0.625 0.094 PC2 - - - - 
- - PC3 - - -0.722 0.1026 
- - PC4 -1.168 0.0026 -1.135 0.0298 
- - PC5 - - - - 
-0.712 0.0791 PC6 -0.467 0.1297 - - 
- - PC7 - - -1.670 0.0151 
- - PC8 - - - - 
1.155 0.0088 PC9 - - - - 
- - PC10 - - 0.712 0.1404 
- - PC11 - - - - 
- - PC12 - - - - 
- - PC13 - - - - 
 0.50 Var. Exp.‡  0.34  0.70 
Corn 08  Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -1.013 0.0161 - -   
PC1 -1.548 0.0007 - -   
PC2 -1.094 0.0407 - -   
PC3 -0.883 0.0853 - -   
PC4 -0.870 0.0298 - -   
PC5 - - - -   
PC6 - - - -   
PC7 - - - -   
PC8 - - - -   
PC9 - - - -   
PC10 0.595 0.1154 - -   
PC11 - - - -   
PC12 - - - -   
PC13 - - - -   
Var. Exp.  0.54     
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.149. Logistic regression model coefficients using standardized variables for the Lewis West field in 2007.† 
 Soybean 05 Corn 06 Soybean 07 Corn 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 1.319 0.0007 0.306 0.5430 -1.882 0.0061 -1.369 0.0456 
TS 46-69 cm - - -1.542 0.0054 -2.898 0.0022 - - 
VM 46-69 cm - - - - - - 2.342 0.0035 
TS 69-91 cm - - - - - - 2.499 0.0114 
SS 91-114 cm - - - - - - -2.691 0.0085 
VM 91-114 cm - - - - - - -1.201 0.0219 
Depth to Compact - - - - - - 1.855 0.0695 
Magnesium - - - - - - -1.039 0.0339 
Calcium - - 1.380 0.0156 - - - - 
Sulfur - - -4.758 0.0670 - - - - 
Zinc - - - - -1.045 0.0350 - - 
Profile C. - - 2.574 0.1570 - - - - 
TWI - - -2.257 0.0027 - - - - 
Force 23-46 cm -2.050 0.0003 -1.863 0.0122 - - - - 
Force 69-91 cm - - - - -2.399 0.0050 -2.568 0.0059 
Variation Exp.‡  0.49  0.75  0.72  0.73 
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
 Table 3.150. Logistic regression model coefficients 
using derived PC and standardized variables for 
the Lewis West field.† 
 PC Variables 
Terms Coefficients Significance
Intercept 1.383 <0.0001 
PC1 -1.163 <0.0001 
PC2 - - 
PC3 -0.317 0.0156 
PC4 0.377 0.0008 
PC5 -0.359 0.0019 
PC6 -0.228 0.0507 
PC7 - - 
PC8 - - 
PC9 0.491 <0.0001 
PC10 -0.534 <0.0001 
PC11 - - 
Sumprecip 0.002 0.0001 
Sprprecip - - 
CPT06dummy - - 
Corndummy 0.714 0.0016 
CPT06xcorn dummy - - 
Year -1.152 <0.0001 
Variation Exp.‡  0.56 
 Std. Variables 
Intercept 2.008 <0.0001 
TS 69-91 cm 0.629 0.0076 
VM 69-91 cm 0.588 0.0015 
TS 91-114 cm -0.951 0.0002 
VM 91-114 cm -0.850 <0.0001 
ECa -0.611 0.0073 
Elevation -0.671 0.0060 
Slope -1.807 <0.0001 
TWI -1.414 <0.0001 
Streampower 1.263 <0.0001 
Carbon 69-91 cm -0.323 0.0748 
EC 46-69 cm 0.456 0.0200 
Force 23-46 cm -1.092 <0.0001 
Force 46-69 cm 1.105 0.0125 
Force 69-91 cm -1.056 0.0168 
Force 91-114 cm -0.363 0.1300 
Sumprecip 0.002 <0.0001 
Corndummy 0.954 0.0003 
Year -1.518 <0.0001 
Variation Exp.  0.69 
† Models were constructed using crop yield coded 
as meeting bond release standards. 
‡ Denotes model R2 value. 
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 Table 3.151. Classification of observations using logistic 
discrimination combined across CPT data sets for the Lewis 
West field. 
PC Variables Std. Variables  
Fail Pass Fail Pass Cluster 
304 55 324 49 Fail 
84.68 15.32 86.86 13.14 Percent Correct 
57 204 47 235 Pass 
21.84 78.16 16.67 83.33 Percent Correct 
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 Table 3.152. Logistic regression model coefficients using derived PC variables for the Lewis East 
field in 2005.† 
Soybean 05 Corn 06  Soybean 07 
Coefficients SignificanceTerms Coefficients Significance Coefficients Significance
6.841 0.0207 Intercept 7.281 0.0361 -0.445 0.2805 
- - PC1 -3.176 0.0998 -1.971 0.0008 
- - PC2 -2.115 0.0747 -0.915 0.0167 
- - PC3 - - - - 
- - PC4 - - - - 
-2.664 0.0731 PC5 - - -0.757 0.0861 
- - PC6 - - - - 
-1.616 0.1511 PC7 - - - - 
- - PC8 - - - - 
- - PC9 - - - - 
- - PC10 - - - - 
 0.59 Var. Exp.‡  0.59  0.57 
Corn 08  Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -13.303 0.1220 - -   
PC1 - - - -   
PC2 -11.273 0.1232 - -   
PC3 -3.212 0.1399 - -   
PC4 - - - -   
PC5 - - - -   
PC6 -2.9771 0.0907 - -   
PC7 - - - -   
PC8 - - - -   
PC9 - - - -   
PC10 - - - -   
Var. Exp.  0.81     
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.153. Classification of observations using logistic discrimination for the Lewis East field. 
 CPT 2005 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 1 1 2 1 23 6 47 1 - - 127 10 
Percent Correct 50 50 66.67 33.33 79.31 20.69 97.92 2.08 - - 92.70 7.30 
Pass 0 53 0 52 3 23 1 6 - - 12 126 
Percent Correct 0 100 0 100 11.54 88.46 14.29 85.71 - - 8.70 91.30 
 CPT 2006 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 3 2 25 1 30 1 - - 90 10 
Percent Correct - - 60 40 96.15 3.85 96.77 3.23 - - 90 10 
Pass - - 1 31 2 9 2 4 - - 9 76 
Percent Correct - - 3.13 96.88 18.18 81.82 33.33 66.67 - - 10.59 89.41 
 CPT 2007 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 1 5 0 9 37 10 75 1 - - 205 19 
Percent Correct 16.67 83.33 0 100 78.72 21.28 98.68 1.32 - - 91.52 8.48 
Pass 0 80 1 76 8 31 10 0 - - 28 178 
Percent Correct 0 100 1.30 98.70 20.51 79.49 100 0 - - 13.59 86.41 
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Table 3.154. Logistic regression model coefficients using standardized variables for the Lewis East field in 2005.† 
 Soybean 05 Corn 06 Soybean 07 Corn 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 8.223 0.0914 5.220 0.0047 -0.816 0.1583 -13.774 0.1243 
SS 69-91 cm - - -2.265 0.0158 - - - - 
SS 91-114 cm - - - - - - -8.504 0.0978 
TS 91-114 cm - - - - -1.447 0.0758 - - 
Elevation - - - - -0.566 0.1350 - - 
Carbon 91-114 cm -3.9434 0.1469 - - - - - - 
EC 69-91 cm       -9.316 0.1335 
EC 91-114 cm -1.914 0.1164 - - - - - - 
Force 69-91 cm - - - - -1.210 0.0408 - - 
Force 91-114 cm - - - - -1.880 0.0176 - - 
Variation Exp.‡  0.57  0.61  0.71  0.89 
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.155. Classification of observations using logistic discrimination for the Lewis East field. 
 CPT 2005 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 1 1 2 1 26 3 47 1 - - 129 8 
Percent Correct 50 50 66.67 33.33 89.66 10.34 97.92 2.08 - - 94.16 5.84 
Pass 0 53 1 51 1 25 1 6 - - 7 131 
Percent Correct 0 100 1.92 98.08 3.85 96.15 14.29 85.71 - - 5.07 94.93 
 CPT 2006 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail - - 2 3 25 6 47 2 - - 92 8 
Percent Correct - - 40 60 80.65 19.35 95.92 4.08 - - 92 8 
Pass - - 1 43 6 22 4 6 - - 10 75 
Percent Correct - - 2.27 97.73 21.43 78.57 40 60 - - 11.76 88.24 
 CPT 2007 
 Soybean 05 Corn 06 Soybean 07 Corn 08 Soybean 09 Combined 
Cluster Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass Fail Pass 
Fail 4 2 4 5 38 9 73 3 - - 200 24 
Percent Correct 66.67 33.33 44.44 55.56 80.85 19.15 96.05 3.95 - - 89.29 10.71 
Pass 1 80 5 73 4 35 2 8 - - 22 184 
Percent Correct 1.23 98.77 6.41 93.59 10.26 89.74 20 80 - - 10.68 89.32 
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Table 3.156. Logistic regression model coefficients using derived PC variables for the Lewis East field.† 
 CPT 05 CPT 06 CPT 07 
Terms Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 6.695 <0.0001 4.231 <0.0001 4.059 <0.0001 
PC1 -1.471 <0.0001 -0.915 0.0075 -0.634 0.0003 
PC2 -1.511 <0.0001 - - -0.628 0.0004 
PC3 -0.606 0.0206 - - -0.389 0.0214 
PC4 - - - -   
PC5 -0.460 0.0952 - -   
PC6 -0.513 0.0600 - -   
PC7 - - -1.356 0.0001 0.329 0.0503 
PC8 - - - - -0.338 0.0447 
PC9 - - -0.657 0.0305   
PC10 - - - - -0.482 0.0051 
Corndummy 1.251 0.0258 1.076 0.0633 0.575 0.0844 
Year -3.651 <0.0001 -2.833 <0.0001 -2.285 <0.0001 
Sumprecip - - -0.004 0.0032 - - 
Variation Exp.‡  0.85  0.80  0.75 
† Models were constructed using combined crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
 
 Table 3.157. Logistic regression model 
coefficients using standardized variables for 
the Lewis East field.† 
 CPT 05 
Terms Coefficients Significance
10.957 <0.0001 Intercept 
-1.038 0.0084 SS 23-46 cm 
-1.410 0.0145 TS 91-114 cm 
-1.182 0.0074 Carbon 91-114 cm 
-1.422 0.0021 EC 91-114 cm 
2.448 0.0006 Force 46-69 cm 
-2.199 0.0008 Force 69-91 cm 
-2.181 0.0017 Force 91-114 cm 
3.381 0.0027 Corndummy 
-6.337 <0.0001 Year 
- - Springprecip 
 0.89 Variation Exp.‡ 
 CPT 06 
4.508 <0.0001 Intercept 
-0.504 0.0846 SS 91-114 cm 
-1.007 0.0028 EC 23-46 cm 
-1.607 <0.0001 Force 69-91 cm 
1.394 0.0177 Corndummy 
-2.733 <0.0001 Year 
- - Springprecip 
 0.80 Variation Exp. 
CPT 07  
4.395 <0.0001 Intercept 
-0.461 0.0490 TS 23-46 cm 
-0.378 0.0656 VM 69-91 cm 
-0.533 0.0049 TS 91-114 cm 
0.507 0.0213 VM 91-114 cm 
-0.626 0.0057 ECa 
-0.530 0.0124 Potassium 
0.420 0.0965 Sodium 
-0.583 0.0077 OM 91-114 cm 
-0.596 0.0050 Force 69-91 cm 
0.657 0.0592 Corndummy 
-2.478 <0.0001 Year 
 0.77 Variation Exp. 
† Models were constructed using combined crop 
yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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 Table 3.158. Logistic regression model coefficients using derived PC variables for the Lewis East 
field in 2006.† 
Soybean 05 Corn 06  Soybean 07 
Coefficients SignificanceTerms Coefficients Significance Coefficients Significance 
- - Intercept 3.243 0.0025 -2.784 0.0343 
- - PC1 - - -2.266 0.0221 
- - PC2 - - -2.124 0.0502 
- - PC3 - - - - 
- - PC4 - - - - 
- - PC5 - - - - 
- - PC6 - - - - 
- - PC7 -2.109 0.0255 -2.865 0.0447 
- - PC8 -1.023 0.1242 - - 
- - PC9 - - -2.384 0.0240 
  Var. Exp.‡  0.51  0.77 
Corn 08  Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -4.227 0.0128 - -   
PC1 - - - -   
PC2 -2.317 0.0670 - -   
PC3 -1.532 0.1000 - -   
PC4 -2.021 0.0297 - -   
PC5 - - - -   
PC6 - - - -   
PC7 -1.729 0.0857 - -   
PC8 - - - -   
PC9 - - - -   
Var. Exp.  0.62     
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.159. Logistic regression model coefficients using standardized variables for the Lewis East field in 2006.† 
 Soybean 05 Corn 06 Soybean 07 Corn 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept - - 5.714 0.0249 -0.177 0.5925 -3.349 0.0004 
SS 46-69 cm - - -1.837 0.0957 - - - - 
TS 91-114 cm - - 1.319 0.1472 - - - - 
ECa - - - - - - -1.474 0.0149 
TWI - - - - - - 1.617 0.0125 
Slope - - - - - - 1.734 0.0118 
EC 23-46 cm - - -3.736 0.0770 - - - - 
OM69-91 cm - - - - -0.765 0.0665 - - 
Force 69-91 cm - - - - -1.022 0.0214 -2.837 0.0281 
Force 91-114 cm - - -4.266 0.0749 - - 1.684 0.1353 
Variation Exp.‡    0.57  0.45  0.51 
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
 
 Table 3.160. Logistic regression model coefficients using derived PC variables for the Lewis East 
field in 2007.† 
Soybean 05 Corn 06  Soybean 07 
Coefficients SignificanceTerms Coefficients Significance Coefficients Significance
3.886 <0.0001 Intercept 2.730 <0.0001 -0.362 0.2256 
- - PC1 - - -1.588 <0.0001 
- - PC2 -0.567 0.1030 -1.008 0.0128 
- - PC3 -0.671 0.1027 - - 
- - PC4 0.990 0.0476 - - 
- - PC5 - - - - 
- - PC6 - - - - 
1.072 0.0485 PC7 - - - - 
-1.090 0.0332 PC8 - - - - 
- - PC9 - - - - 
- - PC10 - - -0.713 0.0200 
-1.114 0.0362 PC11 - - - - 
- - PC12 - - - - 
 0.40 Var. Exp.‡  0.23  0.54 
Corn 08  Soybean 09   
Terms Coefficients Significance Coefficients Significance   
Intercept -2.812 <0.0001 - -   
PC1 - - - -   
PC2 -0.955 0.0712 - -   
PC3 -0.618 0.1400 - -   
PC4 - - - -   
PC5 -0.886 0.0820 - -   
PC6 - - - -   
PC7 - - - -   
PC8 -0.941 0.0683 - -   
PC9 - - - -   
PC10 - - - -   
PC11 - - - -   
PC12 - - - -   
Var. Exp.  0.24     
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
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Table 3.161. Logistic regression model coefficients using standardized variables for the Lewis East field in 2007.† 
 Soybean 05 Corn 06 Soybean 07 Corn 08 
Terms Coefficients Significance Coefficients Significance Coefficients Significance Coefficients Significance
Intercept 5.707 0.0016 8.621 0.0041 -0.994 0.0302 -6.880 0.0027 
TS 23-46 cm - - - - -1.948 0.0127 - - 
SS 23-46 cm -1.510 0.0606 1.616 0.0309 - - - - 
VM 23-46 cm - - - - -1.221 0.0379 - - 
SS 46-69 cm - - - - - - -1.841 0.0365 
VM 69-91 cm - - - - - - -1.225 0.0602 
VM 91-114 cm - - - - - - 2.545 0.0041 
TS 91-114 cm - - - - -1.500 0.0212 - - 
Depth to Compact - - 10.304 0.0174 - - - - 
ECa - - - - - - -3.299 0.0093 
Elevation - - - - - - -0.935 0.1309 
Potassium -1.458 0.0483 - - - - - - 
Boron 2.187 0.0458 1.104 0.0708 - - -2.591 0.0764 
Profile C. - - - - 1.455 0.0196 - - 
OM 69-91 cm - - - - - - 3.663 0.0304 
OM 91-114 cm -2.293 0.0159 - - -2.046 0.0057 - - 
EC 69-91 cm - - -1.925 0.0101 - - - - 
Force 46-69 cm - - - - 1.714 0.0374 - - 
Force 69-91 cm - - - - -3.071 0.0013 -4.111 0.0117 
Force 91-114 cm - - -0.997 0.0678 - - - - 
Variation Exp.‡  0.62  0.52  0.72  0.67 
† Models were constructed using crop yield coded as meeting bond release standards. 
‡ Denotes model R2 value. 
 Table 3.162. Logistic regression model coefficients 
using derived PC and standardized variables for 
the Lewis East field.† 
 PC Variables 
Terms Coefficients Significance
Intercept 4.448 <0.0001 
PC1 -0.898 <0.0001 
PC2 -0.905 <0.0001 
PC3 -0.531 <0.0001 
PC4 -0.341 0.0053 
PC5 - - 
PC6 - - 
PC7 - - 
PC8 -0.487 0.0001 
PC9 - - 
PC10 - - 
Sumprecip -0.001 0.0862 
Sprprecip - - 
CPT05dummy - - 
CPT06dummy - - 
Corndummy 0.863 0.0006 
CPT05xcorn dummy - - 
CPT06xcorn dummy - - 
Year -2.545 <0.0001 
Variation Exp.‡  0.78 
 Std. Variables 
Intercept 4.743 <0.0001 
SS 23-46 cm -0.308 0.0200 
VM 69-91 cm -0.204 0.1148 
TS 91-114 cm -0.547 <0.0001 
Profile C. 0.340 0.0066 
Carbon 91-114 cm -0.530 0.0006 
EC 69-91 cm -0.521 0.0002 
Force 46-69 cm 0.599 0.0081 
Force 69-91 cm -1.238 <0.0001 
Corndummy 0.707 0.0083 
CPT06xcorn dummy 0.749 0.0926 
Year -2.637 <0.0001 
Variation Exp.  0.79 
† Models were constructed using crop yield coded 
as meeting bond release standards. 
‡ Denotes model R2 value. 
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 Table 3.163. Classification of observations using logistic 
discrimination combined across CPT data sets for the Lewis 
East field. 
PC Variables Std. Variables  
Fail Pass Fail Pass Cluster 
423 38 462 44 Fail 
91.76 8.24 91.30 8.70 Percent Correct 
50 379 53 441 Pass 
11.66 88.34 10.73 89.27 Percent Correct 
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 Table 3.164. Correlation of corn 06 and soybean 07 yield for the Cedar West and East fields 
with probability values obtained using logistic models developed for the Lewis West field.  
Standardized crop mean differences for above and below the 0.5 probability level were 
included. 
 Corn 2006 Model 
 PC Variables Std. Variables 
 CW06† CE06 CE11 CW06 CE06 CE11 
Corn 06 0.37 0.17 0.22 0.43 0.38 0.43 
Soybean 07 0.53 0.09 0.19 0.41 0.34 0.40 
 Soybean 2007 Model 
Corn 06 0.38 0.09 0.21 0.32 0.29 0.46 
Soybean 07 0.38 0.03 0.21 0.31 0.19 0.22 
 Standardized Crop Mean Difference 
 Corn 2006 Model 
 PC Variables Std. Variables 
 CW06 CE06 CE11 CW06 CE06 CE11 
Corn 06 -0.12/0.11‡ -0.22/0.13 -0.15/0.10 -0.25/0.25 -0.48/0.27 -0.44/0.30 
Soybean 07 -0.26/0.31 -0.07/0.04 -0.21/0.15 -0.24/0.32 -0.43/0.24 -0.46/0.31 
 Soybean 2007 Model 
Corn 06 -0.17/0.74 -0.05/0.07 -0.07/0.21 -0.17/0.74 -0.05/0.07 -0.07/0.21 
Soybean 07 -0.15/0.71 -0.01/0.01 -0.11/0.31 -0.15/0.71 -0.01/0.01 -0.11/0.31 
† Pearson correlation coefficients (r) for models were constructed for the Cedar West field in 
2006, and the Cedar East fields in 2006 and 2011. 
‡ First value represents standardized mean yield for the below 0.5 probability cutoff while the 
second value represents standardized mean yield for the above 0.5 probability cutoff. 
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Fig. 3.1. Sampled mine sites in Illinois and Indiana. 
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Fig. 3.2. Aerial photography of the Lewis Mine site during coal-mining in 2003 (A), after soil reconstruction in 2005 (B) and of 
the Cedar Creek Mine site in 2004 (C). 
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Fig. 3.3. Variography using elevation (A) and ECa data (B), respectively, on the Cedar West field.  
Elevation and ECa data were initially detrended for directional effects.  A “0” angle refers to the 
N-S field direction while a “90” angle refers to the E-W field direction. Distance units are in 
meters. 
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Fig. 3.4. Variography using corn 2006 (A), soybean 2007 (B), and wheat 2008 data (C), 
respectively, on the Cedar West field.  Corn 2006 and soybean 2007 data were detrended for 
directional effects.  A “0” angle refers to the N-S field direction while a “90” angle refers to the 
E-W field direction. Distance units are in meters. 
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Fig. 3.5. Variography using elevation (A) and ECa data (B), respectively, on the Cedar East field.  
Elevation data were initially detrended for directional effects.  A “0” angle refers to the N-S 
field direction while a “90” angle refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.6. Variography using corn 2006 (A), soybean 2007 (B), and wheat 2008 data (C), 
respectively, on the Cedar East field.  Wheat 2008 data were detrended for directional effects.  
A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field direction. 
Distance units are in meters. 
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Fig. 3.7. Variography using elevation (A) and ECa data (B), respectively, on the Lewis West field.  
Elevation and ECa data were initially detrended for directional effects.  A “0” angle refers to the 
N-S field direction while a “90” angle refers to the E-W field direction. Distance units are in 
meters. 
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Fig. 3.8. Variography using soybean 2005 (A), soybean 2007 (B), and soybean 2009 data (C), 
respectively, on the Lewis West field.  Soybean 2005 and 2007 data were detrended for 
directional effects.  A “0” angle refers to the N-S field direction while a “90” angle refers to the 
E-W field direction. Distance units are in meters. 
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Fig. 3.9. Variography using corn 2006 (A) and corn 2008 data (B), respectively, on the Lewis West 
field.  Corn 2006 data were detrended for directional effects.  A “0” angle refers to the N-S field 
direction while a “90” angle refers to the E-W field direction. Distance units are in meters. 
 
539 
 A 
B 
Fig. 3.10. Variography using elevation (A) and ECa data (B), respectively, on the Lewis East field.  
Elevation and ECa data were initially detrended for directional effects.  A “0” angle refers to the 
N-S field direction while a “90” angle refers to the E-W field direction. Distance units are in 
meters. 
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Fig. 3.11. Variography using soybean 2005 (A), soybean 2007 (B), and soybean 2009 data (C), 
respectively, on the Lewis East field.  Soybean 2005 and 2007 data were detrended for 
directional effects.  A “0” angle refers to the N-S field direction while a “90” angle refers to the 
E-W field direction. Distance units are in meters. 
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Fig. 3.12. Variography using corn 2006 (A) and corn 2008 data (B), respectively, on the Lewis East 
field.  A “0” angle refers to the N-S field direction while a “90” angle refers to the E-W field 
direction. Distance units are in meters. 
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Fig. 3.13. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar West 
field in 2006.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.14. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar West 
field in 2008.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.15. Variography using Force at a soil depth segment of 23-46 cm (A), 46-69 
cm (B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar 
West field.  A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. Distance units are in meters. 
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Fig. 3.16. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar East 
field in 2006.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.17. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar East 
field in 2008.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.18. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar East 
field in 2011.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.19. Variography using Force at a soil depth segment of 23-46 cm (A), 46-69 
cm (B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Cedar 
East field.  A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. Distance units are in meters. 
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Fig. 3.20. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis West 
field in 2006.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.21. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis West 
field in 2007.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
551 
 A 
B 
C 
D 
Fig. 3.22. Variography using Force at a soil depth segment of 23-46 cm (A), 46-69 
cm (B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis 
West field.  A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. Distance units are in meters. 
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Fig. 3.23. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis East 
field in 2005.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.24. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis East 
field in 2006.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.25. Variography using TS at a soil depth segment of 23-46 cm (A), 46-69 cm 
(B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis East 
field in 2007.  A “0” angle refers to the N-S field direction while a “90” angle 
refers to the E-W field direction. Distance units are in meters. 
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Fig. 3.26. Variography using Force at a soil depth segment of 23-46 cm (A), 46-69 
cm (B), 69-91 cm (C) and 91-114 cm (D), respectively, collected on the Lewis 
East field.  A “0” angle refers to the N-S field direction while a “90” angle refers 
to the E-W field direction. Distance units are in meters. 
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Fig. 3.27. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cypress Creek Mine site (13 ha). 
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Fig. 3.28. Soil depth to compaction (depth to reach 3.1 MPa) on the Cypress 
Creek Mine site (13 ha). 
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Fig. 3.29. Standardized corn (A) and soybean (B) yield on the Cannelburg Mine site (9 ha). 
559 
 560
A B D C 
Standardized TS   
 
Fig. 3.30. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on 
the Cannelburg Mine site (9 ha). 
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Fig. 3.31. Soil depth to compaction (A, depth to reach 3.1 MPa) and standardized elevation 
(B), respectively, on the Cannelburg Mine site (9 ha). 
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Fig. 3.32. Standardized wheat yield on the Wildcat Hills Mine site (16 ha). 
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Fig. 3.33. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Wildcat 
Hills Mine site (16 ha). 
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Fig. 3.34. Soil depth to compaction (depth to reach 3.1 MPa) (A), standardized elevation (B), and standardized ECa 
(C), respectively, on the Wildcat Hills Mine site (16 ha). 
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Fig. 3.35. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar 
Stockpile field (3 ha). 
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Fig. 3.36. Soil depth to compaction (depth to reach 3.1 MPa) on the Cedar 
Stockpile field (3 ha). 
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Fig. 3.37. Standardized TS at the 23-46, 46-69, 69-91 and 91-114 cm soil depth segments, respectively, on the Cedar North field (12 ha). 
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Fig. 3.38. Soil depth to compaction (depth to reach 3.1 
MPa) on the Cedar North field (12 ha). 
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Fig. 3.39. Standardized corn (A), soybean (B) and wheat (C) yield on the Cedar West field (11 ha converted to 8 ha). 
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Fig. 3.40. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West 
field (11 ha) in 2006. 
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Fig. 3.41. Soil depth to compaction (depth to reach 3.1 MPa) in 2006 (A) and 2008 (B), standardized elevation (C), and standardized ECa (D), 
respectively, on the Cedar West field (11 ha converted to 8 ha). 
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Fig. 3.42. Standardized Force at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West 
field (8 ha). 
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Fig. 3.43. Standardized EC at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West 
field (8 ha). 
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Fig. 3.44. Standardized C at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West field    
(8 ha). 
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Fig. 3.45. Standardized OM at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West 
field (8 ha). 
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Fig. 3.46. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Cedar West 
field (8 ha) in 2008. 
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Fig. 3.47. Standardized corn (A), soybean (B) and wheat (C) yield on the Cedar East field (9 ha). 
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Fig. 3.48. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cedar East field (9 ha) in 2006. 
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Fig. 3.49. Soil depth to compaction (depth to reach 3.1 MPa) in 2006 (A), 2008 (B) and 2011 (C), 
respectively, on the Cedar East field (9 ha). 
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Fig. 3.50. Standardized elevation and ECa, respectively, on the Cedar East field (9 ha). 580
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Fig. 3.51. Standardized Force at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on 
the Cedar East field (9 ha). 
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Fig. 3.52. Standardized EC at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cedar East field (9 ha). 
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Fig. 3.53. Standardized C at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cedar East field (9 ha). 
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Fig. 3.54. Standardized OM at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on 
the Cedar East field (9 ha). 
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Fig. 3.55. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cedar East field (9 ha) in 2008. 
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Fig. 3.56. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Cedar East field (9 ha) in 2011. 
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Fig. 3.57. Standardized soybean (A) and corn (B) yield on the Lewis Undisturbed field (6 ha). 
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Fig. 3.58. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the Lewis 
Undisturbed field (6 ha). 
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Fig. 3.59. Soil depth to compaction (depth to reach 3.1 MPa) on the Lewis 
Undisturbed field (6 ha). 
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Fig. 3.60. Standardized soybean 2005 (A), corn 2006 (B), soybean 2007 (C), corn 2008 (D) and soybean 2009 (E) yield on the Lewis 
West field (13 ha). 
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Fig. 3.61. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha) in 2006. 
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Fig. 3.62. Soil depth to compaction (depth to reach 3.1 MPa) in 2006 (A) and 2007 (B), standardized elevation (C), 
and standardized ECa (D), respectively, on the Lewis West field (13 ha). 
 
 
  
 
 
 
 
 
 
 
Standardized 
Force 
 
 
593
 
 B C D A 
Fig. 3.63. Standardized Force at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha). 
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Fig. 3.64. Standardized EC at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha). 
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Fig. 3.65. Standardized C at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha). 
 
 
  
 
 
 
 
 
 
 
Standardized OM 
 
 
596
 
 
A B D C 
Fig. 3.66. Standardized OM at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha). 
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Fig. 3.67. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, 
respectively, on the Lewis West field (13 ha) in 2007. 
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Fig. 3.68. Standardized soybean 2005 (A), corn 2006 (B), soybean 2007 (C), corn 2008 (D) and 
soybean 2009 (E) yield on the Lewis East field (18 ha). 
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Fig. 3.69. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha) in 2005. 
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Fig. 3.70. Soil depth to compaction (depth to reach 3.1 MPa) in 2005 (A), 2006 (B) and 2007 (C), 
standardized elevation (D), and standardized ECa (E), respectively, on the Lewis East field  
(18 ha). 
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Fig. 3.71. Standardized Force at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on 
the Lewis East field (18 ha). 
 
 
 D B C A 
Standardized EC 602
 
Fig. 3.72. Standardized EC at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha). 
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Fig. 3.73. Standardized C at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha). 
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Fig. 3.74. Standardized OM at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha). 
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Fig. 3.75. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha) in 2006. 
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Fig. 3.76. Standardized TS at the 23-46 (A), 46-69 (B), 69-91 (C) and 91-114 cm (D) soil depth segments, respectively, on the 
Lewis East field (18 ha) in 2007. 
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Fig. 3.77. Corn (A), soybean (B) and wheat (C) yield coded as meeting bond release standards for the Cedar West field (11 ha 
converted to 8 ha) in 2006, 2007 and 2008, respectively. 
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Fig. 3.78. Corn (A), soybean (B) and wheat (C) yield coded as meeting bond release standards for the 
Cedar East field (9 ha) in 2006, 2007 and 2008, respectively. 
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Fig. 3.79. Soybean (A), corn (B), soybean (C), corn (D) and soybean (E) yield coded as meeting bond release standards for the Lewis 
West field (13 ha) in 2005, 2006, 2007, 2008 and 2009, respectively. 
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Fig. 3.80. Soybean (A), corn (B), soybean (C), corn (D) and soybean (E) yield coded as meeting 
bond release standards for the Lewis East field (18 ha) in 2005, 2006, 2007, 2008 and 2009, 
respectively. 
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Fig. 3.81. Validation of soil-based models using a logistic model constructed for the Lewis West field.  The model was constructed 
using principal components and corn 2006 yield.  Data from the Cedar West field (11 ha) in 2006 (A) and the Cedar East field (9 
ha) in 2006 (B) and 2011 (C) were used as validation. 
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Fig. 3.82. Validation of soil-based models using a logistic model constructed for the Lewis West field.  The model was constructed 
using standardized variables and corn 2006 yield.  Data from the Cedar West field (11 ha) in 2006 (A) and the Cedar East field 
(9 ha) in 2006 (B) and 2011 (C) were used as validation. 
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Fig. 3.83. Validation of soil-based models using a logistic model constructed for the Lewis West field.  The model was constructed 
using principal components and soybean 2007 yield.  Data from the Cedar West field (11 ha) in 2006 (A) and the Cedar East 
field (9 ha) in 2006 (B) and 2011 (C) were used as validation. 
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Fig. 3.84. Validation of soil-based models using a logistic model constructed for the Lewis West field.  The model was constructed 
using standardized variables and soybean 2007 yield.  Data from the Cedar West field (11 ha) in 2006 (A) and the Cedar East 
field (9 ha) in 2006 (B) and 2011 (C) were used as validation. 
 
 CHAPTER IV 
 
AN ASSESSMENT OF CURRENT CROP YIELD-SAMPLING TECHNIQUES 
ON RECLAIMED LAND USING SIMULATION 
 
ABSTRACT 
 
Since the passage of Public Law 95-87, the Surface Mining Control and 
Reclamation Act (SMCRA) in 1977, reclamation success of prime farmland after coal 
mining has been determined by long-term crop yield testing.  Many states require that 
reclamation success be based on crop production of mined land compared to an approved 
reference area or other guidelines.  In 1986, the Illinois Department of Agriculture 
(IDOA) developed the Agricultural Lands Productivity Formula (ALPF) that compares 
crop yield capability of mined soils to their respective county soils (62 Ill. Adm. Code 
Sec. 1816).  The ALPF integrates weather, management, as well as soil type effects into a 
single equation used to develop a target yield standard to compare crop yield of reclaimed 
lands.  Crop yield, to compare against the target yield standard, is determined using hand-
sampling methodology.  Hand sample locations are pre-determined using randomly 
generated computer points.  The number of points used in this methodology is determined 
by crop harvested and field size.  Due to the inability to hand-sample every field location, 
variability exists in crop yield determination.  Specifically, crop yield variability exists 
from protocol used by crop sampling technicians, limited number of sample points used 
and actual field locations sampled.  Lack of consistency in crop sampling and variability 
in crop sampling locations may lead to incorrect conclusions when developing a mean 
crop yield estimate to compare against the target yield standard.  The objective of my 
work was to quantify crop yield variability introduced by sampling and the subsequent 
effect on determining bond release.  Georeferenced corn (Zea mays L.), soybean [Glycine 
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max (L.) Merr.], and wheat (Triticum aestivum L.) yield were collected on the Cedar 
Creek Mine site in western IL and the Lewis Mine Site in southwestern IN.  Hand sample 
locations were digitized using distance and map-based location information provided by 
IDOA.  Crop yield was selected using both digitization methods and correlation among 
methods showed positive relationships of moderate strength with the distance-based 
method most correlated to hand sampling methodology.  Simulation techniques were 
used to assign probabilities of meeting target yield standards as a function of hand 
sampling methodology and bond release requirements.  My research indicated that 
substantial variability may exist in crop yield determination, thus affecting bond release 
outcome.  Depending upon crop sampling locations, meeting or not meeting bond release 
may not be clear cut, thus careful attention must be paid to crop sampling locations and 
ultimately in deciding bond release outcomes.  Improvements to this existing system such 
as using crop yield monitor technology to assist with crop yield determination and 
modeling soil variability as a diagnostic tool to identify problematic field areas are 
recommended. 
 INTRODUCTION 
 
Since the passage of Public Law 95-87, the Surface Mining Control and 
Reclamation Act (SMCRA) in 1977, reclamation success of prime farmland after coal 
mining has been determined by long-term crop yield testing.  Many states require that 
reclamation success be based on crop production of mined land compared to an approved 
reference area or other guidelines.  In 1986, the Illinois Department of Agriculture 
(IDOA) developed the Agricultural Lands Productivity Formula (ALPF) that compares 
crop yield capability of mined soils to their respective county soils (62 Ill. Adm. Code 
Sec. 1816).  The ALPF integrates weather, management, as well as soil type effects into a 
single equation used to develop a target yield standard to compare crop yield of reclaimed 
lands (Agricultural Lands Productivity Formula, 2012). 
Crop yield, to compare against the target yield standard, is determined using 
hand-sampling methodology.  The number of points used in this methodology is 
determined by crop harvested and field size.  For corn (Zea mays L.), the minimum 
number of samples required is 8 for 2 to 16 ha, 12 for 16 to 113 ha, 16 for 113 to 259 ha 
and 28 for field sizes greater than 259 ha.  For soybean [Glycine max (L.) Merr.], the 
minimum number of samples required is 10 for 2 to 16 ha, 12 for 16 to 113 ha, 16 for 113 
to 259 ha and 26 for field sizes greater than 259 ha.  For wheat (Triticum aestivum L.), 
the minimum number of samples required is 6 for 2 to 16 ha, 8 for 16 to 113 ha, 10 for 
113 to 259 ha and 14 for field sizes greater than 259 ha.  The IDOA may increase number 
of crop sample points when a coal mine operator places a request, multiple crop varieties 
are used, contour changes exist and when the crop yield coefficient of variation (CV) is 
greater than 15% (Agricultural Lands Productivity Formula, 2012). 
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 Hand sample locations are pre-determined using randomly generated computer 
points.  Crop sampling technicians are provided with a field map and a kit for collecting 
crop samples.  Field maps consist of a field border with crop sampling locations marked 
on the map.  Crop sampling locations are not GPS referenced, however crop sampling is 
conducted starting on a pre-determined field corner and counting paces to each crop 
sampling location (Giordano, 1992).  Once at a crop sampling location, sampling 
procedures differ depending upon crop and sowing method (planted or broadcast). 
For corn, procedures state to walk along the outside of the field, then into the field 
the required number of paces.  Once the last pace is counted walking into the field, the 
next row becomes the corn sampling row.  From this point, a 7.6 m section of row is 
marked off, of which 4.6 m of row are harvested (buffer area remaining).  The distance 
from this row to five rows inward is also recorded for corn yield calculation.  From each 
4.6 m sample, the third and fourth ears in the corn sample row are selected for grain 
moisture determination.  All corn samples are corrected for moisture, averaged then used 
as the corn yield estimate to compare against the target yield standard. 
For planted soybean, beginning procedures are similar to corn in locating the 
soybean sample row, however two soybean rows are selected for harvest instead of one 
corn row.  Initially, a 1.5 m section of soybean row is marked off, of which two adjacent 
0.91 m rows are harvested (buffer area remaining).  Distance between the first harvested 
soybean row and five rows inward is recorded for soybean yield calculation.  All 
soybeans from the harvested rows are selected for grain moisture determination.  All 
soybean samples are corrected for moisture, averaged then used as the soybean yield 
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 estimate to compare against the target yield standard.  For broadcast soybean, a 0.91 m x 
0.91 m frame is used for soybean harvest area selection. 
In the case of planted wheat, beginning procedures are similar to corn and 
soybean in locating the sample wheat row, however three wheat rows are selected for 
harvest.  Initially, a 1.5 m section of wheat row is marked off, of which three adjacent 
0.55 m rows are harvested (buffer area remaining).  Distance between the first harvested 
wheat row and five rows inward is recorded for wheat yield calculation.  Wheat from the 
harvested rows is selected for grain moisture determination.  All wheat samples are 
corrected for moisture, averaged then used as the wheat yield estimate to compare against 
the target yield standard.  For broadcast wheat, a 0.55 m x 0.55 m frame is used for wheat 
harvest area selection. 
For example, Fig. 4.1 shows soybean 2005 (A), corn 2006 (B) and soybean 2007 
(C) field maps acquired for hand-sampling on the Cedar Creek Mine site.  Twelve hand 
samples were collected for soybean in 2005 and 2007, while 14 hand samples were 
collected for corn in 2006.  As noted earlier, hand-samples are randomly selected thus do 
not occur in the same field position each year.  Despite random selection, unfavorable 
sample location selection may still occur.  In this case, sample locations for corn 2006 
appear to be overemphasized on the left part of the map (points 8-13) while contained to 
terrace and field edges on the right part of the map. 
Due to the inability to hand-sample every field location, variability exists in crop 
yield determination.  Randomly generated crop sampling points are meant to provide an 
unbiased estimate of crop yield, however may not be representative of an entire field, 
especially when high crop yield variability is present.  When it was first introduced, 
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 multiple ALPF crop sampling procedures were reviewed such as statistically-based crop 
sampling procedures at the partial field level (Giordano, 1992).  It was determined, 
however, to implement a whole field crop sampling approach with random crop sampling 
point selection to avoid bias (Giordano, 1992).  Unfortunately, depending upon selected 
crop sampling points, crop variability may not be fully captured during sampling.  This is 
especially important considering soil variability introduced in reclaimed soils compared 
to undisturbed soils which may lead to crop yield variability (Dunker et al., 1995; 
McSweeney and Jansen, 1984).  Specifically, crop yield variability exists from protocol 
used by crop sampling technicians, limited number of sample points used and actual field 
locations sampled.  Lack of consistency in crop sampling and variability in crop sampling 
locations may lead to incorrect conclusions when developing a mean crop yield estimate 
to compare against the target yield standard.  This may unduly increase the time a field is 
in the bond release process (crop yield estimate is too low) or may decrease the time 
(crop yield estimate is too high).  The objective of my work was to quantify crop yield 
variability introduced by hand sampling methodology and the subsequent effect on 
determining bond release.  Specifically, my objectives were i) to verify agreement 
between the hand-sampling methodology and yield monitor data, ii) to simulate crop 
yield sampling realizations compared to hand sampling methodology results and iii) to 
assign probabilistic values of meeting bond release requirements as a function of crop 
sampling. 
When it was developed, the ALPF was the best measure of crop productivity over 
time.  Coal reclamation research was limited and the relationship of reclaimed soils and 
crop production was not well understood.  Today, after 27 years of coal reclamation 
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research and technological progress, better methods exist to characterize reclaimed soils 
and determine bond release. 
 
 MATERIALS AND METHODS 
 
Hand-sampling methodology results for soybean in 2005 and 2007 and corn in 
2006 were obtained along with crop sample locations from IDOA at the Cedar Creek 
Mine site (40°13’N, 90°85’W) in western Illinois.  The Cedar Creek Mine is operated by 
Black Beauty Coal Company, Inc. in Schuyler County, IL.  The Cedar Creek Mine site 
consists of two fields, Cedar East (9 ha) and Cedar West (11 ha with 3 ha later converted 
to pasture). 
Results obtained from IDOA included crop yield for each crop sampling location, 
corrected for moisture, and mean crop yield to compare against the target yield standard.  
Field maps, with labeled crop sample locations in paces (converted to feet) from a pre-
determined field corner, were also provided.  Since crop sample locations were not GPS 
referenced and were paced specifically from a pre-determined field corner (not the same 
each year), point locations were digitized using ArcView 3.x (Environmental Systems 
Research Institute, 2002).  Provided distances (paced off) to each crop sample location 
were used to create each digitized point for 2005, 2006 and 2007 maps.  Upon digitizing 
each point, it was noticed that there was a discrepancy between distances provided and 
actual map location of each point.  That is, provided distances did not necessarily lead to 
the point location on provided maps.  Thus, two sets of points were developed for each 
year, one based on distances provided and the other based on map location. 
Georeferenced corn and soybean yield in 2006 and 2007, respectively, were 
recorded on 1-s intervals using a yield monitor (Deere & Co., Moline, IL) equipped with 
a global positioning system (GPS) receiver.  Corn yield for 2005 was unavailable.  Yield 
data were cleaned for technical errors such as grain flow delay, pass delay, velocity and 
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 flow issues, manual border row corrections, and moisture adjustment when needed using 
the Yield Editor program (Sudduth and Drummond, 2007).  After crop harvest of the first 
year of data collection, field borders were mapped using a GPS Trimble unit (Trimble 
Navigation, Sunnyvale, CA) mounted on a tractor. 
Digitized point locations, based on distances and actual map locations, were 
overlaid on corn and soybean yield in 2006 and 2007, respectively.  While the entire 
disturbed field area (bonding area) is used for potential crop sample point selection, crop 
yield monitor data was only available for a portion of this area.  Fourteen and 12 hand 
samples were collected for corn and soybean, respectively, however only 10 hand sample 
points were available for both crops to be used as comparisons to yield monitor data.  
Five-meter buffers were created around each sampling point using ArcView 3.x 
(Environmental Systems Research Institute, 2002) to select representative crop yield.  
Selected crop yield was averaged for each buffer, then compared to hand sampling 
methodology using SAS (SAS, 2010).  Specifically, correlation analysis among methods 
(hand sample, distance-based, map-based) was conducted using the CORR procedure of 
SAS (SAS, 2010).  A one-way ANOVA with crop yield as the dependent variable and 
methods as the independent variable was used to test differences among methods using 
the GLM procedure of SAS (SAS, 2010). 
Variability of crop sample point realizations, for both corn and soybean, was 
quantified using simulation of potential crop sample point sets.  While only one crop 
sample point set was actually used (randomly generated with a computer), many 
possibilities exist, thus affecting crop yield estimates and subsequently meeting target 
yield standards.  Corn and soybean yield monitor data were used as selection pools for 
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potential crop sample point selection.  Simulation was conducted using the 
SURVEYSELECT procedure of SAS (SAS, 2010) with 50,000 crop samples drawn and 
the same number of crop samples (10 for corn and soybean) as hand samples for the 
selected area.   
In addition to corn and soybean yield data acquired at the Cedar Creek Mine site, 
wheat yield data was acquired in 2008, however hand sample locations were unavailable.  
Crop yield data were also acquired (soybean in 2005, 2007 and 2009 and corn in 2006 
and 2008) for the Lewis Mine site (39°28’N, 87°24’W) in southwestern Indiana.  The 
Lewis Mine is operated by Solar Sources, Inc. in Vigo County, IN and consists of two 
sampled fields, Lewis East (18 ha) and Lewis West (13 ha).  Hand sampling is not used 
as part of the Indiana reclamation system, thus hand sample information was not 
available.  Simulation, using the same procedure, was conducted using these data sets to 
broaden this work from 2 to 8 simulations. 
Sampling distributions of the mean were developed, based on simulation results, 
for all crop yield data sets (8 total).  Probabilities of meeting target yield standards based 
upon crop sampling were calculated and compared to hand sample results. 
 RESULTS AND DISCUSSION 
 
 Crop yield corresponding to digitized points, based on distance and map location, 
was compared to crop yield calculated from hand sample methodlogy (Table 4.1;        
Fig. 4.1).  Table 4.1 shows comparisons between these three crop yield selection methods 
on a sample by sample basis for corn yield in 2006 and soybean yield in 2007.  Since 
crop yield monitor data was not available for soybean in 2005, only hand sample data 
were presented for comparative purposes.  Since crop yield monitor data was only 
available for a portion of the disturbed field area, four and two hand samples were 
without direct comparison for corn in 2006 and soybean in 2007, respectively.  Crop 
yield means were compared to target yield standards needed to meet bond release 
requirements, however means did not meet bond release requirements across crops and 
selection methods. 
 Correlation analysis among crop samples obtained using hand sampling 
methodology, yield monitor distance-based and map-based methods showed significant 
(P < 0.10), positive relationships between the hand sampling methodology and yield 
monitor distance-based methods (r = 0.61; P = 0.0590) and yield monitor distance-based 
and map-based methods (r = 0.90; P = 0.0004) for corn yield only (Table 4.2).  
Correlation coefficients between hand sampling methodology and yield monitor map-
based methods and among the three selection methods for soybean were positive and of 
moderate strength, however not significant.  This may be due to a low sample size (10 
samples for each correlation) and variability in crop yield.  While significant for corn and 
not significant for soybean, the correlation coefficient between hand sampling 
methodology and yield monitor distance-based methods was stronger compared to the 
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 hand sampling methodology and yield monitor map-based methods.  This indicated that 
distance-based locations were more indicative of hand sampling methodlogy as compared 
to map-based locations.  While the relationship between the yield monitor distance and 
map-based methods was significant for soybean, it was not for corn and of lower strength 
(r = 0.33; P = 0.3461).  The discrepancy between these two methods for corn and 
soybean yield may be explained by higher yield variability for soybean between distance 
and map-based methods.  The difference in distance between points was small, however 
often fell between crop yield zones (higher vs lower potential), thus affected crop yield 
estimates (Kravchenko and Bullock, 2000; Schepers et al., 2004).  On a               
spatially-sampled, reclaimed field in Montana, Keck et al. 1993 found surface trends of 
topsoil depth and soil variables which indicate the importance of crop sample point 
location in determining crop yield. 
 Analysis of variance results among crop yield selection methods for both corn in 
2006 and soybean in 2007 showed significant (P < 0.01) block effects (differences in 
field areas removed) and non-significant method of crop yield sampling effects       
(Table 4.3).  Both models had reasonable amounts of variability described (R2 = 0.75 for 
corn and R2 = 0.58 for soybean).  Since no significant difference was detected among 
crop sampling methods, this indicated that crop yield monitor data (both distance and 
map-based methods) was comparable to hand sampling methodology.  Thus, crop yield 
monitor data was a reasonable substitute for hand sampling methodology.  Properly 
cleaned crop yield monitor data has shown to be a reliable data source (Sudduth and 
Drummond, 2007). 
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  Simulation of hand sampling methodology for corn in 2006 and soybean in 2007 
was conducted for the Cedar Creek Mine site (Table 4.4).  Simulations were also 
conducted for wheat in 2008 at the Cedar Creek Mine site and soybean in 2005, 2007 and 
2009 and corn in 2006 and 2008 at the Lewis Mine site.  Hand sample data was not 
available for wheat and not used at the Lewis Mine site (Indiana).  These data sets were 
included for comparative purposes. 
 Table 4.4 shows the mean, median and standard deviation derived from 
simulation for each crop x site.  Means from hand sampling methodology were also 
included for corn in 2006 and soybean in 2007 at the Cedar Creek Mine site.  Target yield 
standards for meeting bond release and subsequent outcomes were also included.  Based 
on simulated distributions, probability values were calculated for obtaining crop sample 
means greater than the target yield standard and when relevant, obtaining sample means 
greater than the hand sample methodology mean. 
 Simulation results for the Cedar Creek Mine site showed that the target yield 
standard was higher than the simulated mean and the probability of obtaining crop 
sample means greater than the target yield standard was P < 0.0001 for both corn in 2006 
and soybean in 2007 (Table 4.4; Fig 4.2, 4.3).  Hand sample methodology means were 
greater than simulated means and had probabilities of P = 0.0913 and P = 0.0179 of 
obtaining a greater sample mean for corn in 2006 and soybean in 2007, respectively.  
These results indicated that regardless of crop sample locations chosen, the probability of 
obtaining a crop sample mean that met or exceeded bond release requirements was small.  
Compared to simulated results, the probability of obtaining crop sample means greater 
than hand sample methodology was small which indicated that hand sample methodology 
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 was biased upwards compared to crop yield means.  In contrast, the simulated mean was 
higher than the target yield standard for wheat in 2008, thus meeting bond release 
requirements (Fig. 4.4).  The probability of obtaining a higher crop sample mean than the 
target yield standard was P = 0.6582, which indicated a 65% chance of obtaining a 
sample mean that met or exceeded the target yield standard based upon crop sampling 
locations.  Depending upon crop sampling locations, meeting or not meeting bond release 
is not clear cut as compared to corn in 2006 and soybean in 2007.  Thus, careful attention 
must be paid to crop sampling locations and ultimately in deciding bond release 
outcomes. 
 Simulation results for the Lewis Mine site showed that the target yield standard 
was higher than the simulated mean for soybean in 2005 and corn in 2006, thus 
probabilities of obtaining crop sample means higher than the target yield standard were   
P = 0.9984 and P = 0.9116 for soybean and corn, respectively (Table 4.4; Fig. 4.5, 4.6).  
In contrast, the simulated mean for soybean in 2007, corn in 2008 and soybean in 2009 
was lower than the target yield standard, thus probabilities of obtaining crop sample 
meanss higher than the target yield standard were P = 0.4372, P = 0.0614 and P <0.0001, 
respectively (Fig. 4.7, 4.8 and 4.9).  These results indicated that while the probability of 
obtaining sample means higher than the target yield standard were high for soybean in 
2005 and corn in 2006, probabilities varied for soybean in 2007 and corn in 2008.  The 
probability of obtaining a crop sample mean higher than the target yield standard was 
very low for soybean in 2009.  Depending upon crop sampling locations, meeting or not 
meeting bond release was not clear cut for soybean in 2007 and corn in 2008 and results 
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would be affected by the sampling method.  Thus, careful attention must be paid to crop 
sampling locations and ultimately in deciding bond release outcomes. 
 CONCLUSION 
 
My research indicated that substantial variability may exist in crop yield 
determination, thus affecting bond release outcome.  Correlation analysis among crop 
yield samples indicated that distance-based locations were more indicative of hand 
sampling methodlogy as compared to map-based locations.  Analysis of variance results 
among crop yield selection methods for both corn in 2006 and soybean in 2007 showed 
significant block effects (differences in field areas removed) and non-significant method 
of crop yield sampling effects which indicated that crop yield monitor data (both distance 
and map-based methods) was comparable to hand sampling methodology.  Simulation 
results for the Cedar Creek Mine site showed while the probability of obtaining a crop 
sample mean greater than the target yield standard was small for corn in 2006 and 
soybean in 2007, probability for wheat in 2008 indicated a 65% chance of obtaining a 
sample mean that met or exceeded the target yield standard based upon crop sampling 
locations.  Depending upon crop sampling locations, meeting or not meeting bond release 
was not clear cut as compared to corn in 2006 and soybean in 2007.  Likewise and as a 
comparison, simulation results for the Lewis Mine site showed that the probability of 
obtaining a sample mean that met or exceeded the target yield standard was 44 and 6% 
for soybean in 2007 and corn in 2008, respectively.  Thus, careful attention must be paid 
to crop sampling locations and ultimately in deciding bond release outcomes.  
Improvements to the existing system such as using crop yield monitor technology to 
assist with crop yield determination and modeling soil variability as a diagnostic tool to 
identify problematic field areas are recommended. 
 
630 
 REFERENCES 
 
Agricultural Lands Productivity Formula. 2012. 62 Ill. Adm. Code [Online]. Available at 
www.dnr.illinois.gov/adrules/documents/62-1816.pdf (verified 20 Dec. 2012). 
Illinois Department of Natural Resources, Springfield, IL.  
Dunker, R.E., C.L. Hooks, S.L. Vance, and R.G. Darmody. 1995.  Deep tillage effects on 
compacted surface-mined land.  Soil Sci. Soc. Am. J. 59:192-199.  
Environmental Systems Research Institute. 2002. ArcView GIS Release 3.3. ESRI, 
Redlands, CA. 
Giordano, P. 1992. Implementation of the Agricultural Lands Productivity Formula: 
practical application. p. 159-163. In R.E. Dunker et al. (ed) Proc. 1992 Natl. 
Symp. Prime Farmland Reclam., St. Louis. 10-14 Aug. 1992. Dep. of Agronomy, 
Univ. of Illinois, Urbana. 
Keck, T.J., W.F. Quimby, and G.A. Nielsen. 1993. Spatial distribution of soil attributes 
on reconstructed minesoils. Soil Sci. Soc. Am. J. 57:782-786. 
Kravchenko, A.N., and D.G. Bullock. 2000. Correlation of corn and soybean grain yield  
with topography and soil properties. Agron. J. 92:75-83. 
McSweeney, K. and I.J. Jansen. 1984. Soil structure and associated rooting behavior in 
mine soils. Soil Sci. Soc. Am. J. 48:607-612.  
SAS Institute. 2010. The SAS system for Windows. Version 9.3. SAS Inst., Cary, NC, 
USA.  
 
 
631 
 632 
Schepers, A.R., J.F. Shanahan, M.A. Liebig, J.S. Schepers, S.H. Johnson, and A. 
Luchiari, Jr. 2004. Appropriateness of management zones for characterizing 
spatial variability of soil properties and irrigated corn yields across years. Agron. 
J. 96:195-203.  
Sudduth, K.A., and S.T. Drummond. 2007. Yield editor: software for removing errors 
from crop yield maps. Agron J. 99:1471-1482. 
 
 TABLES AND FIGURES 
 
Table 4.1. Crop yield estimates, descriptive statistics and bond release information for the Cedar Creek Mine site, IL from 
2005 to 2007. 
  Corn Soybean Soybean 
Sample 2005-Hand† 2006-Hand 2006-YMD‡ 2006-YMM§ 2007-Hand 2007-YMD 2007-YMM 
3.32 8.57 - - 1.88 - 1 - 
1.97 9.87 - - 0.89 - 2 - 
2.31 6.67 - - 2.55 2.32 3 2.09 
1.74 5.55 - - 1.82 1.39 4 2.06 
4.04 8.62 6.70 6.11 0.77 1.58 5 1.89 
1.68 7.37 7.83 8.67 1.37 2.22 6 1.45 
2.31 4.12 4.58 5.08 2.66 1.75 7 1.50 
2.61 7.58 6.44 6.85 2.38 1.79 8 1.53 
3.21 9.03 9.18 9.16 2.48 1.73 9 2.00 
2.14 5.05 8.24 8.78 3.11 2.55 10 2.63 
2.18 7.90 7.29 8.67 2.03 2.19 11 1.69 
633
2.56 6.77 6.80 7.56 2.22 1.76 12 1.63 
- 8.48 7.11 6.35 - - 13 - 
- 3.91 5.42 4.76 - - 14 - 
2.51 7.11 - - 2.01 - Mean- Hand - 
0.493 3.43 - - 0.508 - Var.- Hand - 
- 6.89 6.95 7.20 2.14 1.93 Mean- Subset 1.85 
- 3.53 1.76 2.59 0.461 0.136 Var.- Subset 0.133 
3.13 9.21 9.21 9.21 2.33 2.33 Standard 2.33 
No No No No No No Meet Bond No 
† Hand values, in Mg ha-1, are yield values derived from hand-based sampling. 
‡ YMD values, in Mg ha-1, are yield values derived by creating points using distances. Yield is based on yield monitor data. 
§ YMM values, in Mg ha-1, are yield values derived by creating points using map points.  Yield is based on yield monitor 
data. 
 
 
 Table 4.2. Correlation of crop yield selection methods 
(hand sampling methodology, distance-based and map-
based) for the Cedar Creek Mine site.† 
Variable/Depth Hand YMD YMM 
1 
 
0.61 
0.0590 
0.48 
0.1593 Hand 
0.42 
0.2262 
1 
 
0.90 
0.0004 YMD 
0.37 
0.2903 
0.33 
0.3461 
1 
 YMM 
† Pearson correlation coefficients (r) and P-values are 
found above the diagonal for corn while results for 
soybean are found below the diagonal. 
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 Table 4.3. ANOVA results for method of 
crop yield selection. 
 Corn 2006 Soybean 2007 
P-value  
Block 0.0007 0.0474 
Method 0.7611 0.2713 
R2 0.75 0.58 
CV 14.2 20.5 
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 Table 4.4. Comparison of simulated crop yield sampling results with hand sampling methodology for the Cedar Creek Mine site, IL.  
Simulations were also conducted for the Lewis Mine site. 
Mine site Cedar Creek Lewis 
Sample Corn 06 Soy 07 Wheat 08 Soy 05 Corn 06 Soy 07 Corn 08 Soy 09 
6.40 1.67 3.75 3.72 9.00 3.10 7.27 1.42 Mean† 
6.40 1.67 3.76 3.72 9.02 3.09 7.27 1.42 Median 
0.536 0.161 0.303 0.200 0.467 0.217 0.715 0.277 Std. Deviation 
7.11 2.01 - - - - - - Mean- Hand 
9.21 2.33 3.63 3.13 8.37 3.13 8.37 3.13 Standard 
No No Yes Yes Yes No No No Meet Bond 
<0.0001 <0.0001 0.6582 0.9984 0.9116 0.4372 0.0614 <0.0001 P > Standard‡ 
0.0913 0.0179 - - - - - - P > Mean- Hand§ 
† Mean values, in Mg ha-1, were derived from simulation.   
‡ Probability of obtaining a ten sample mean greater than the standard.    
§ Probability of obtaining a ten sample mean greater than the hand sample methodology mean.   
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 A 
B 
C 
Fig. 4.1. Field maps developed using hand sampling methodology for soybean 2005 (A), corn 
2006 (B), and soybean 2007 (C), respectively, on the Cedar Creek Mine site.  Crop sample 
locations are numbered for each year. 
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Fig. 4.2. Sampling distribution of the mean developed using corn yield in 2006 for the Cedar Creek 
Mine site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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Fig. 4.3. Sampling distribution of the mean developed using soybean yield in 2007 for the Cedar 
Creek Mine site. This distribution was developed using a sample size of 10 with 50,000 samples 
drawn. 
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Fig. 4.4. Sampling distribution of the mean developed using wheat yield in 2008 for the Cedar Creek 
Mine site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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Fig. 4.5. Sampling distribution of the mean developed using soybean yield in 2005 for the Lewis Mine 
site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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Fig. 4.6. Sampling distribution of the mean developed using corn yield in 2006 for the Lewis Mine 
site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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Fig. 4.7. Sampling distribution of the mean developed using soybean yield in 2007 for the Lewis Mine 
site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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Fig. 4.8. Sampling distribution of the mean developed using corn yield in 2008 for the Lewis Mine 
site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
 
644 
  
Fig. 4.9. Sampling distribution of the mean developed using soybean yield in 2009 for the Lewis Mine 
site. This distribution was developed using a sample size of 10 with 50,000 samples drawn. 
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 CHAPTER V 
 
SUMMARY AND FUTURE RESEARCH 
 
BACKGROUND 
 
Since the passage of Public Law 95-87, coal-mined land reclamation has been 
evaluated primarily by crop yield testing.  Many states require that reclamation success 
be based on crop production of reclaimed land compared to an approved reference area or 
other guidelines. In 1986, the Illinois Department of Agriculture (IDOA) developed the 
Agricultural Lands Productivity Formula (ALPF) that compares crop yield capability of 
mined soils to their respective county soils.  The ALPF integrates weather, management, 
and soil type effects into a single equation used to develop a target yield standard to 
compare crop yield of reclaimed lands.  Similarly, Indiana law (312 IAC 25-6-59 through 
25-6-62 for non-prime farmland and 312 IAC 25-6-143 for prime farmland) requires that 
reclamation success be based on crop production from an approved reference area or 
another technical standard involving revegetation.  Often, if coal-mined land does not 
meet reclamation requirements in the specified period, the process of crop yield testing 
can continue for many years.  Landowners, mine operators, and regulators have 
expressed the need for a more efficient and less time-consuming method for assessing 
reclamation success. 
Early work with crop productivity on surface-mined soils found surface mining 
operations and weather to predominately influence crop productivity.  Poor physical 
structure of mined-soils was found to restrict root growth and negatively affect crop 
yield.  While these results were confined to small-plot research, large-scale research was 
needed, however complicated by soil and crop variability.  Researchers proposed and 
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developed soil-based productivity indices for predicting crop yield, however they were 
found to be variable and site specific.  
Previous model limitations were likely due to models that did not address spatial 
and temporal variability, along with insufficient number of observations.  In addition, 
models only addressed crop yield and did not address meeting bond release standards.  
Technological advancements have improved data collection and made once cumbersome 
statistical procedures easy to use.  These advancements have enhanced the development 
of a soil-based model that would eliminate the need to continuously grow crops to verify 
if bond release requirements have been met.  In addition, a soil-based model would not 
only predict crop potential on coal-mined land, but also identify problematic field areas 
that are limiting crop yield potential.  It may take several years of growing crops to 
identify consistent field areas not meeting bond release guidelines, however with a soil-
based approach, such early identification may save time and money for landowners, mine 
operators, and regulators. 
My work focused on the development of a soil-based model to be used in lieu of 
the current yield-based approach.  Specifically, my objectives were i) to identify and 
describe soil variables useful in describing crop yield variability on coal-mined land, ii) 
to develop a soil-based model for determining bond release, and iii) to evaluate the 
current crop yield-sampling approach used in the reclamation process. 
 SUMMARY OF RESULTS 
 
CHAPTER II 
 
Data were collected on coal-mined fields in reclamation at the Lewis Mine site 
(three fields including an undisturbed field), Cannelburg Mine site (one field), Cypress 
Creek Mine site (one field), Wildcat Hills Mine site (one field) and the Cedar Creek Mine 
site (four fields).  Georeferenced crop yield, cone penetrometer test (CPT), VIS-NIR soil 
spectrophotometer [carbon (C), organic matter (OM), Force and electrical conductivity 
(EC)], apparent soil electrical conductivity (ECa), elevation and derivatives [(slope, plan 
and profile curvature, topographic wetness index (TWI), and streampower index (SPI)], 
soil fertility and weather data were collected depending on site and year.  Descriptive 
analysis of CPT data showed higher mean soil strength values and variation (coefficient 
of variation and skewness) associated with disturbed fields compared to an undisturbed 
field.  Soil strength values as detected through CPT and Force, while different in scale, 
were similar in describing soil strength patterns by soil depth segment.  Spatial patterns 
of outliers (high values), detected using boxplots, for disturbed fields indicated potential 
high soil strength zones, where crop yield may be limited.  Crop yield variability on 
disturbed fields was primarily a function of soil strength and weather effects.  High soil 
strength effects were mitigated by favorable weather conditions which positively 
influenced crop yield. 
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 CHAPTER III 
 
The objectives of my work were i) to investigate inter-relationships of soil 
strength, crop yield, ECa, elevation and slope, ii) to investigate spatial scale differences 
for selecting crop yield, ECa, and elevation, iii) to investigate spatial structure of soil 
strength, crop yield, ECa, and elevation, iv) to develop regression models using soil-based 
variables to predict crop yield, v) to develop probabilistic models using soil-based 
variables to predict meeting bond release standards, vi) to validate probabilistic models 
using independent data. 
 
COMPARISON OF SOIL STRENGTH DETERMINED USING THE CONE 
PENETROMETER OR SOIL SPECTROPHOTOMETER 
 
Correlations were stronger across soil depth segments for TS and Force for the 
Lewis East and West fields compared to the Cedar East and West fields.  In addition, 
correlations among TS and Force soil depth segments were detected for the Lewis East 
field, while none were detected for Lewis West, Cedar East or Cedar West fields.  The 
strength of these inter-correlations were higher for Lewis West compared to the Cedar 
East and West fields, however.  Differences in correlation between Lewis East and West 
and the Cedar East and West fields may be explained by differences in soil reconstruction 
materials and reclamation methods.  High soil strength, as detected using CPT data, 
covered a greater proportion of the Lewis East and West fields as compared to the Cedar 
East and West fields.  High soil strength was confined to the lower half of the Lewis East 
field due to a difference in soil reconstruction timing and method used (scraper).  The 
upper half of this field was reclaimed using dump trucks and did not exhibit high soil 
strength patterns.  Similarly, the middle portion of the Lewis West field was reclaimed 
649 
 using scrapers.  These larger high soil strength zones for the Lewis East and West fields 
may contribute to increased correlation of TS and Force soil depth segments.  Since TS 
and Force data were not collected at the same GPS locations, data interpolation was used 
to match Force with corresponding TS values.  When spatial variability was lower, the 
difference between these values was small, thus improving correlation.  Soil variability 
was higher for Cedar East and West, thus resulting in lower correlations among TS and 
Force soil depth segments. 
 
CORRELATION OF TIP STRENGTH, CROP YIELD, ELECTRICAL 
CONDUCTIVITY AND ELEVATION DATA 
 
Higher crop yield was associated with higher elevation, low ECa and low TS 
values across soil depth segments for the Cedar East and West fields, across years of CPT 
sampling.  Higher crop yield was associated with low elevation, high ECa and low TS 
values across soil depth segments for the Lewis West field, across years of CPT 
sampling.  Higher crop yield was associated with low elevation, low ECa and low TS 
values across soil depth segments for the Lewis East field, across years of CPT sampling.  
Correlations for elevation and ECa were consistently negative for the Cedar East, Cedar 
West and Lewis West fields, however much less so for the Lewis East field across CPT 
sampling times.  Correlations of ECa with TS across soil depth segments were stronger 
for the Lewis East field, however, compared to the other 3 fields.  This suggested that 
ECa was more closely related to water variation for the Cedar East, Cedar West and 
Lewis West fields and soil strength variation for the Lewis East field. 
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 CORRELATION OF TIP STRENGTH, CROP YIELD, ELECTRICAL 
CONDUCTIVITY AND ELEVATION DATA AT 5 AND 10 M DATA SELECTION 
SCALES 
 
Correlations (r ≥ 0.50) were detected between adjoining soil depth segments for 
TS and between 5 and 10 m selection scales for crop yield, elevation and ECa across CPT 
sampling times and fields.  Correlations among crop yield were not improved using a 5 m 
selection scale compared to a 10 m selection scale, except Lewis Undisturbed.  Since soil 
variability was higher for disturbed fields compared to the Lewis Undisturbed field, 
larger crop yield selection scales may dilute noise otherwise found in small scale 
selection, thus providing a stronger correlation at large scale selections.  The opposite 
was true for the Lewis Undisturbed field which indicated that larger scale selections 
actually increased noise which was reduced at small scale selections.  Correlations 
between crop yield and TS at 4 soil depths were not improved using a 5 m selection scale, 
except for the Cedar West field.  This may be explained by higher terrain variability as 
compared to other fields, thus small scale selection of crop yield would improve 
correlation. 
Correlation of ECa with TS at 4 soil depth segments was improved using a 5 m 
selection scale compared to a 10 m selection scale for the Cedar East and Lewis East 
fields.  Correlation of ECa with crop yield was improved using a 5 m scale compared to a 
10 m scale for the same fields including the Wildcat Hills Mine site.  Increased 
correlation for ECa at smaller scales may be explained by variability due to swath 
distance during data collection.  Correlation of elevation with TS at 4 soil depth segments 
was improved using a 5 m selection scale compared to a 10 m selection scale for the 
Lewis West and East fields.  Correlation of elevation and crop yield was improved using 
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 a 5 m selection scale compared to a 10 m selection scale for the Wildcat Hills mine site, 
Cedar West, Lewis West and Lewis East fields.  Since elevation was collected at the 
same time as ECa, increased correlation at smaller scales may also reflect variability due 
to swath distance.  The correlation between ECa and elevation was improved using a 5 m 
selection scale compared to a 10 m selection scale only for the Wildcat Hills mine site.  
This may also be explained by increased terrain variability compared to other fields. 
These results indicate that correlations were affected by scale of data selection for 
crop yield, ECa and elevation.  Scale of data selection was important in maximizing 
correlation among these variables and with TS at 4 soil depth segments.  While overall 
improvements in correlation were small and sample size varied, correlations were 
nonetheless improved using a 5 m data selection scale compared to a 10 m selection 
scale, especially for ECa and elevation. 
 
SPATIAL STRUCTURE 
 
VARIOGRAPHY OF ECa, ELEVATION AND CROP YIELD 
 
Spatial structure of crop yield, ECa, elevation and CPT data were investigated, by 
direction, for the Cedar West and East and Lewis West and East fields.  Models 
developed for crop yield, ECa and elevation were further used in block kriging.  Prior to 
fitting spatial models, all data were detrended for directional effects.  For most data, two 
spherical models were found to be sufficient in modeling spatial structure.  For the Cedar 
West and East fields, range of correlation was only lower in the N-S direction for 
soybean [Glycine max (L.) Merr.] 2007, which indicated greater spatial continuity among 
measured data [ECa, elevation, corn (Zea mays L.) 2006, and wheat (Triticum aestivum 
L.) 2008] in the E-W direction compared to the N-S direction.  Range of correlation for 
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 crop yield data was lower for Cedar East compared to Cedar West, which may be 
explained by soil reconstruction patterns. 
 For the Lewis West field, range of correlation was only higher in the N-S 
direction for soybean 2007 and 2009, which indicated greater spatial continuity among 
measured data (ECa, elevation, soybean 2005, corn 2006, and corn 2008) in the E-W 
direction compared to the N-S direction.  For the Lewis East field, range of correlation 
was only higher in the N-S direction for elevation and soybean 2005, which indicated 
greater spatial continuity among measured data in the E-W direction compared to the N-S 
direction.  Range of correlation for data on the Lewis East field was lower compared to 
the Lewis West field which indicated higher variability among values. 
 
VARIOGRAPHY OF TS AND FORCE 
 
 Spatial structure of CPT and Force data were investigated, by direction, for the 
Cedar West and East and Lewis West and East fields.  For the Cedar West field, range of 
correlation varied among soil depth segments with no consistent directional pattern, 
however correlation was mainly short range.  For the Cedar East field, range of 
correlation was consistently higher for the E-W direction compared to the N-S direction.  
For the Lewis West field, range of correlation was greater in the N-S direction compared 
to the E-W direction.  For the Lewis East field, range of correlation varied among soil 
depth segments with no consistent directional pattern, however correlation was mainly 
short range. 
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 COMPARISON OF ECa, ELEVATION AND CROP YIELD SELECTION METHODS 
 
 Three methods of ECa, elevation and crop yield selection were compared using 
logistic and linear regression for the Cedar West field in 2006 and 2008 and the Lewis 
West field in 2006 and 2007.  Specifically, 5 m, 10 m and block kriging estimates of ECa, 
elevation and crop yield were compared using logistic regression classification results 
and model R2 for linear regression.  Comparison of the three selection methods on 
classification of observations using logistic regression for the Cedar West field in 2006 
and 2008 did not indicate much difference among selection methods.  Comparison of the 
three selection methods on regression model R2 indicated that the 10 m selection had a 
slightly higher model R2 for corn 06, soybean 07 and the combined model compared to 
the other selection methods.  While the gain in explained model variability was not 
substantial with the 10 m selection method compared to the other methods, selections 
conducted at the 10 m scale were described better. 
 Comparison of the three selection methods for the Lewis West field in 2006 and 
2007 on classification of observations using logistic regression did not indicate much 
difference among selection methods.  Correct classification of observations for meeting 
and not meeting bond release standards was similar among crop models and the 
combined model.  Comparison of the three selection methods on regression model R2 
indicated that the 10 m selection had a slightly higher model R2 for all regression models 
compared to the other selection methods.  While the gain in explained model variability 
was not substantial with the 10 m selection method compared to the other methods, 
selections conducted at the 10 m scale were described better. 
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  Overall, the 10 m selection method provided slightly better classification of 
observations using logistic regression and higher regression model R2 in explaining crop 
variability.  While improvement over the other selection methods was small, this 
selection method was chosen to best represent ECa, elevation and crop yield. 
 
REGRESSION ANALYSIS 
 
Cannelburg regression analysis results indicated that field areas with lower soil 
strength values in the upper profile and not susceptible to water runoff or ponding were 
consistently higher in crop yield.  Wildcat Hills regression analysis indicated that field 
areas with lower clay content at the middle soil depth segments and higher elevation were 
important in achieving high wheat yield.  Cedar West regression analysis (2006 and 
2008) indicated that higher crop yield was located in field areas with low soil strength, 
deeper depth to compaction, higher elevation and higher C and OM values.  High wheat 
yield was primarily located in field areas with low elevation and high water 
accumulation.  Cedar East regression analysis (2006, 2008 and 2011) indicated that 
higher corn and soybean yield was located in field areas with high soil water content, low 
soil strength, deeper depth to compaction and higher soil quality at deeper depth 
segments while higher wheat yield was mainly driven by water availability.  Lewis 
Undisturbed regression analysis indicated that higher soybean and corn yield was located 
in field areas with higher clay content and soil fertility.  Lewis West regression analysis 
(2006 and 2007) indicated that higher crop yield was located in field areas with low soil 
strength, low elevation, higher electrical conductivity, higher soil quality and higher 
water flow.  Lewis East regression analysis (2005, 2006 and 2007) indicated that higher 
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 crop yield was located in field areas with low soil strength, low quality, high electrical 
conductivity, deeper depth to compaction, lower elevation and high water accumulation. 
Overall, results indicated that higher crop yield, across sites, fields and time of 
CPT sampling, was related to low soil strength and deeper depth to compaction.  
Elevation was important in describing water flow characteristics and mostly related to 
wheat yield.  Electrical conductivity was related to soil water content and soil strength. 
 
LOGISTIC REGRESSION ANALYSIS 
 
Cedar West logistic regression analysis (2006 and 2008) indicated that the 
probability of meeting corn and soybean bond release standards was higher in field areas 
with low soil strength, deeper depth to compaction, higher elevation and higher C and 
OM values, while the probability of meeting wheat bond release standards was higher in 
field areas with higher slope, high soil strength, higher electrical conductivity and lower 
water and carbon at the deeper soil depth segments.  Wheat bond release patterns were 
opposite of the corn and soybean pattern.  Cedar East logistic regression analysis (2006 
and 2008) indicated that the probability of meeting soybean bond release standards was 
higher in field areas with low soil strength, higher soil water content, deeper depth to 
compaction and higher soil quality at deeper soil depth segments.  However, Cedar East 
11 logistic regression analysis indicated that the probability of meeting soybean bond 
release standards was higher in field areas with high water flow and low accumulation.  
The probability of meeting wheat bond release standards was higher in field areas with 
higher water flow and accumulation, higher soil quality in the upper soil depth segment, 
low elevation and high soil strength.  Lewis West logistic regression analysis (2006 and 
2007) indicated that the probability of meeting crop bond release standards was higher in 
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 field areas with low soil strength and quality across soil depth segments, low elevation, 
high electrical conductivity and water flow and high clay content.  Lewis East logistic 
regression analysis (2005, 2006 and 2007) indicated that the probability of meeting crop 
bond release standards was higher in field areas with low soil strength and quality across 
soil depth segments, high electrical conductivity and water flow, deeper depth to 
compaction, low elevation and high soil fertility.  
Overall, results indicated that higher probability of meeting bond release 
standards, across the Cedar Creek and Lewis Mine sites and time of CPT sampling, was 
related to low soil strength and deeper depth to compaction.  Elevation was important in 
describing water flow characteristics and mostly related to wheat yield.  Electrical 
conductivity was related to soil water content and soil strength. 
 
MODEL VALIDATION 
 
 Validation of soil-based models was conducted using models constructed for the 
Lewis West field on the Cedar West and East fields.  Models tested were constructed 
using PC or standardized variables.  Logistic regression models for corn 2006 and 
soybean 2007 were selected to test models based on average and below average rainfall 
growing seasons, respectively.  Specifically, data collected on the Cedar West and East 
fields was entered into logistic models already developed for the Lewis West field.  
Resulting probability estimates were then mapped and compared to actual crop yield 
results obtained on the Cedar West and East fields. 
 For the corn 2006 logistic regression model, results were similar between models 
developed using PC and standardized variables.  Both sets of results showed that the 
probability of meeting bond release standards was higher for the upper part of the Cedar 
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West field and higher for the lower middle and upper part of the Cedar East field.  These 
results were in agreement with corn and soybean yield field patterns.  Higher probability 
of meeting bond release standards was reflective of field areas with low soil strength.  
Wheat yield patterns were not in agreement with predictions since they were more 
heavily influenced by water availability as compared to soil strength. 
 For the soybean 2007 logistic regression model, results were similar between 
models developed using PC and standardized variables.  Both sets of results showed that 
the probability of meeting bond release standards was higher for the upper part of the 
Cedar West field and higher for the lower middle and upper part of the Cedar East field.  
As with results based on corn 2006 models, these were in agreement with corn and 
soybean yield patterns.  Interestingly, results obtained using soybean 2007 models were 
more refined compared to results obtained using corn 2006 models.  This difference may 
be explained by corn 2006 models accounting for higher precipitation growing conditions 
as compared to soybean 2007 models.  Soybean 2007 models predict field areas meeting 
bond release standards more consistently, without accounting for additional field areas 
meeting bond release standards due to favorable weather conditions.  However, both sets 
of models adequately predict field areas as meeting bond release standards as compared 
to actual crop yield monitor results. 
 CHAPTER IV 
 
The objective of my work was to quantify crop yield variability introduced by 
ALPF hand sampling methodology and the subsequent effect on determining bond 
release.  Specifically, my objectives were i) to verify agreement between the hand-
sampling methodology and yield monitor data, ii) to simulate crop yield sampling 
realizations compared to hand sampling methodology results and iii) to assign 
probabilistic values of meeting bond release requirements as a function of crop sampling. 
My research indicated that substantial variability may exist in crop yield 
determination, thus affecting bond release outcome.  Correlation analysis among crop 
yield samples indicated that distance-based locations were more indicative of hand 
sampling methodlogy as compared to map-based locations.  Analysis of variance results 
among crop yield selection methods for both corn in 2006 and soybean in 2007 showed 
significant block effects (differences in field areas removed) and non-significant method 
of crop yield sampling effects which indicated that crop yield monitor data (both distance 
and map-based methods) was comparable to hand sampling methodology.  Simulation 
results for the Cedar Creek Mine site showed while the probability of obtaining a crop 
sample mean greater than the target yield standard was small for corn in 2006 and 
soybean in 2007, probability for wheat in 2008 indicated a 65% chance of obtaining a 
sample mean that met or exceeded the target yield standard based upon crop sampling 
locations.  Depending upon crop sampling locations, meeting or not meeting bond release 
was not clear cut as compared to corn in 2006 and soybean in 2007.  Likewise and as a 
comparison, simulation results for the Lewis Mine site showed that the probability of 
obtaining a sample mean that met or exceeded the target yield standard was 44 and 6% 
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for soybean in 2007 and corn in 2008, respectively.  Thus, careful attention must be paid 
to crop sampling locations and ultimately in deciding bond release outcomes.  
Improvements to the existing system such as using crop yield monitor technology to 
assist with crop yield determination and modeling soil variability as a diagnostic tool to 
identify problematic field areas are recommended. 
 FUTURE WORK 
 
Since the passage of Public Law 95-87, SMCRA, in 1977, reclamation success of 
prime farmland after coal mining has been determined by long-term crop yield testing.  
States such as Illinois and Indiana require that reclamation success be based on crop 
production of mined-land.  Since 1986, ALPF has been used in Illinois to develop a target 
yield standard to compare against crop yield of mined lands.  When it was developed, the 
ALPF was the best measure of crop productivity over time.  Coal reclamation research 
was limited and the relationship of reclaimed soils and crop production was not well 
understood.  Today, after 27 years of coal reclamation research and technological 
progress, better methods exist to characterize reclaimed soils and determine bond release. 
My research has shown that soil strength and water availability primarily 
influence a field’s ability (bonding area) to meet target yield standards over time.  
Logistic model validation among sites has been encouraging, thus I propose modeling 
soil variability as a diagnostic tool to identify problematic field areas and to complement 
crop yield-based requirements. 
I believe future work should focus on refining soil-based models, specifically 
parameter estimates, to better generalize models across the Midwest.  This can be 
accomplished by adding additional data (years, sites, and fields) to the existing database.  
The process for including additional data would begin at the raw data stage in the model-
building flow chart (Fig. 5.1).  Because of the encouraging work thus far, I further 
recommend to begin a pilot program in testing these models with data from newly 
reclaimed fields.  In my experience, and having already acquired needed soil-based data 
for analysis, the process for obtaining maps and information from newly collected data 
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would take less than a month.  This would save time as compared to more cumbersome 
methods such as crop yield testing and using intial soil-based models which often require 
laboratory anaysis.  I believe this, to be used in conjunction with crop yield monitor data, 
to be the first step in replacing the current crop yield-based system. 
 FIGURES 
 
Fig. 5.1. Flow chart of steps in model-building process. 
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